
Journal of Physical and Chemical Reference Data 3, 311 (1974); https://doi.org/10.1063/1.3253143 3, 311

© 1974 The U. S. Secretary of Commerce on behalf of the United States.

JANAF Thermochemical Tables, 1974
Supplement
Cite as: Journal of Physical and Chemical Reference Data 3, 311 (1974); https://
doi.org/10.1063/1.3253143
Published Online: 29 October 2009

M. W. Chase, J. L. Curnutt, A. T. Hu, H. Prophet, A. N. Syverud, and L. C. Walker

ARTICLES YOU MAY BE INTERESTED IN

JANAF Thermochemical Tables, 1982 Supplement
Journal of Physical and Chemical Reference Data 11, 695 (1982); https://
doi.org/10.1063/1.555666

JANAF thermochemical tables, 1975 supplement
Journal of Physical and Chemical Reference Data 4, 1 (1975); https://
doi.org/10.1063/1.555517

JANAF thermochemical tables, 1978 supplement
Journal of Physical and Chemical Reference Data 7, 793 (1978); https://
doi.org/10.1063/1.555580

http://oasc12039.247realmedia.com/RealMedia/ads/click_lx.ads/test.int.aip.org/adtest/L16/222900553/x01/AIP/HA_WhereisAIP_JPR_PDF_2019/HA_WhereisAIP_JPR_PDF_2019.jpg/4239516c6c4676687969774141667441?x
https://doi.org/10.1063/1.3253143
https://doi.org/10.1063/1.3253143
https://doi.org/10.1063/1.3253143
https://aip.scitation.org/author/Chase%2C+M+W
https://aip.scitation.org/author/Curnutt%2C+J+L
https://aip.scitation.org/author/Hu%2C+A+T
https://aip.scitation.org/author/Prophet%2C+H
https://aip.scitation.org/author/Syverud%2C+A+N
https://aip.scitation.org/author/Walker%2C+L+C
https://doi.org/10.1063/1.3253143
https://aip.scitation.org/action/showCitFormats?type=show&doi=10.1063/1.3253143
https://aip.scitation.org/doi/10.1063/1.555666
https://doi.org/10.1063/1.555666
https://doi.org/10.1063/1.555666
https://aip.scitation.org/doi/10.1063/1.555517
https://doi.org/10.1063/1.555517
https://doi.org/10.1063/1.555517
https://aip.scitation.org/doi/10.1063/1.555580
https://doi.org/10.1063/1.555580
https://doi.org/10.1063/1.555580


JANAf Thermochemical Tables, 1914 Supplement 

M. W. Chase, J. L. Curnutt, A. T. Hu, H, Prophet * 
A. N. Syverud, and L. C. Walker 

Thermal Research, The Dow Chemical Company, Midland, Michigan 48640 

The thermodynamic tabulations previously published as NSRDS·NBS·.i7 are extended by 154 
new and revised tables. The JAN AF Thermochemical Tables cover the thermodynamic properties 
over a wide temperature range with single phase tables for the crystal, liquid, and ideal gas state. 
The properties given are heat capacity, entropy, Gibbs energy function, enthalpy, enthalpy of 
formation, Gibbs energy of formation, and the logarithm of the equilibrium constant for formation 
of each compound from the elements in their standard reference states. Each tabulation lists all 
pertinent input data and contains a critical evaluation of the literature upon which these values 
are based. Literature references are given. 

Key words: Critically evaluated data; enthalpy; entropy; equilibrium constant of formation; free 
energy of formation; Gibbs energy function; heat capacity; heat of formation; thermochemical tables. 
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1. Introduction 

The Joint·Army·Navy·Air Force (JANAF) Thermo· 
chemical Tables project has been conducted at The Dow 
Chemical Company since late 1959. Since the inception of 
this J ANAF project, the tables have been collected together 
to form five publications [1-5]. NSRDS·NBS·37 [1], 
which supercedes the four earlier publications f2·5], in· 
c1udes all work through June 30, 1970. The earlier publi. 
cations f2-5] are now out of print. Tables generated in the 
period June 30, 1970 to June 30, 1972 are combined in 
this article to provide 154. additional tables of data which 
may be used in conjunction with NSRDS·NBS·37 [1]. 

As of June 30, 1972, there are 1154 tabulations involv· 
ing 31 elements and their simple compounds. The com· 
pounds are principally those with the halogens, oxygen, 
and hydrogen. The 31 elements include H, Li, Be, B, C, N, 
0, F, Na, Mg, AI, Si, P, S, Cl, K, Ca, Ti, Fe, Co, Cu. 
Br, Sr, Zr, Mo, I, Cs, Ba, W, Hg, and Ph. 

The JANAF Thermochemical Tables are prepared fol· 
lowing the procedures outlined in NSRDS·NBS·37. Note 
that in the tabulations the Gibbs free energy function and 
the enthalpy are referenced to 298.15 K. Throughout the 
JANAF project we have striven for internal consistency. 
Even with internal and external reviews however, some 
minor discrepancies do arise. In addition, changes in the 
nomenclature as adopted by Chemical Abstracts leave the 
tables with some outdated chemical names. Changes in the 
atomic weights and the temperature scale also cause minor 
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internal inconsistencies. At present we are maintaining the 
nomenclature within the tables while gradually converting 
each new or revised table to the 1969 atomic weights and 
the IPTS·68 temperature scale. This is not an easy and 
unambiguous task, as the articles appearing in the litera· 
ture do not always specify the standards used. Unfortunate· 
ly, some of the tables in this article were prepared prior to 
our adoption of these newer scales. Finally, the JANAF 
Tables are presented in terms of the thermochemical 
calorie. The symbols cal mol· l deg· l and gibbs/ mol are 
identical and refer to units of defined calorie per degree. 
mole. These units can be converted to SI units of joules 
per degree.mole by multiplying the tabulated value by 
4.184. Similarly, values in kilocalories per mole can be 
converted to kilojoules per mole by multiplying by the 
same factor. In addition, vibrational frequencies are ex· 
pressed in their wavenumber (cm-1) equivalents; frequen. 
cies in Hz can be obtained by multiplying by c expressed 
in centimeters per second. 

Two indices are provided in this article. The index in 
section 4 lists the tables which appear in this article. The 
list is alphabetical by name. Where applicable, the ap· 
propriate cross reference for the currently accepted Chemi· 
cal Abstracts name is also included. The index in section 
5 is the complete index for the JANAF Thermochemical 
Tables. This complete index lists tables which are in 
NSRDS·NBS·37 [I] and tables which are in this article 
(the latter indicated by an ' .. , or ' .... '). It should be em
phasized that the tables in this article may be new (in which 
case there is no corresponding entry in NSRDS·NBS·37) 
or revised (in which case the table in this article supercedes 
the corresponding table in NSRDS·NBS·37). In both in· 
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dices, new tables are indicated by , II "'. The tables are 
arranged in this article in the same order as given in the 

complete index of section 5. The order is the same as that 
used by Chemical Abstracts in their formula index. 
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*Aluminum Dichloride Unipositive 
Ion (g) 

*Aluminum Dichloride Uninegative 
Ion (g) 

Aluminum Dichlorofluoride (g) 

Aluminum Trichloride (c) 

Aluminum Trichloride (I) 

Aluminum Trichloride (g) 

Potassium Tetrachloroaluminate (e) 

Sodium Tetrachloroaluminate (c) 

Tripotassium Hexaehloroaluminate (c) 

Trisodium Hexachloroaluminate (c) 

Aluminum Monofluoride (g) 

Aluminum Monofluoride 
Unipositive Ion (g) 

Aluminum Oxyfluoride (g) 

*Aluminum Difluoride (g) 

*Aluminum Difluoride Unipositive 
Ion (g) 

*Aluminum Difluoride Uninegative 
Ion (g) 

Aluminum Trifluoride (c) 

Aluminum Trifluoride (g) 

Lithium Tetrafluoroaluminate (gl 

Sodium Tetrafluoroaluminate (g) 

Tripotassium Hexafluoroaluminate (c) 

Trilithium nexafluoroaluminate (c) 

Trilithium Hexafluoroaluminate (el 

Cryolite (e) 

Cryolite (e) 

Aluminum Monohydride (g) 

Aluminum ;10noxyhydride (g) 

Aluminum Monohydroxide (gl 

Aluminum Monohydroxide Unipositive 
Ion (g) 

Aluminum Monohydroxide Uninegative 
Ion (g) 

Aluminum Dioxyhydride (g) 

Filing 
OrdeE_ 

AIH4Li 

AlI 

A1I3 

A1I3 

A1I3 

AlLi0
2 

AlLi0 2 
AIN 

AIN 

AINa0 2 
AIO 
AIO+ 

AlS 

A1
2

Be0
4 

A1
2

Be0 4 
A1

2
Br6 

A12Cl 6 
A1

2
Cl gK

3 
A12 FS 
A12 1 6 
Al

2
Mg0

4 
A1

2
11g0

4 
A1

2
0 

+ 
Al20 

A1
2

0
3 

Al
2

0
3 

Al
2

0
3 

Al 2 0
5
Si 

A1 20SSi 

Al 20sSi 

Al
6

BeOlO 
A1

6
Be0 10 

Al6 013 Si 2 

B 

B 

B 

B 

B 
+ 

BBe0
2 

BBr 

BBrCl 

BBrCl 2 
BBrF 

BBrF 2 

BBrO 

BBr 2 

Table Title 

Lithium Aluminum Hydride (c) 

Aluminum Monoiodide (g) 

Aluminum Triiodide (c) 

Aluminum Triiodide (Z) 

Aluminum Triiodide (g) 

*Lithium Aluminate (e) 

*Lithium Aluminate (t) 

Aluminum Nitride (c) 

Aluminum Nitride (g) 

Sodium Aluminate (c) 

Aluminum Monoxide (g) 

Aluminum Monoxide Unipositive 
Ion (g) 

Aluminum Dioxide (g) 

Aluminum Dioxide Uninegative 
Ion (g) 

Aluminum Sulfide (g) 

*Beryllium Aluminate (c) 

**Beryllium Aluminate (t) 

*Aluminum Tribromide, Dimeric (g) 

Aluminum Trichloride, DimeI' (g) 

Potassium Nonachloroaluminate (c) 

Aluminum Trifluoride; DimeI' (g) 

Aluminum Triiodide, Dimeric (g) 

*Magnesium Aluminate (c) 

**Magnesium Aluminate eZ) 
*Aluminum Suboxide (g) 

*Dialuminum Monoxide Unipositive 
Ion (g) 

Aluminum 110noxide, Dimeric (g) 

Dialuminum Dioxide Unipositive 
Ion (g) 

*Aluminum Oxide (c, alpha) 

*Aluminum Oxide (c, gamma) 

*Aluminum Oxide (t) 

Sillimanite (c) 

Andalusite (c) 

Kyanite (c) 

**Aluminum Beryllium Oxide (c) 

**Aluminum Beryllium Oxide (t) 

Mullite (e) 

Boron (ref. st.) 

Boron, Beta-Rhombohedral (c) 

Boron (e) 

Boron, l1onatomie (g) 

* Boron Unipositive Ion (g) 

Beryllium Boron Dioxide (g) 

Boron Monobromide (g) 

Boron Bromide Chloride (g) 

Boron Bromide Dichloride (gl 

Boron Bromide Fluoride (g) 

Boron Bromide Difluoride (g) 

Boron Oxide Bromide (g) 

Boron Dibromide (g) 
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Filing 
Order 

BBr
2

CI 

BBr
2

f 

BBr
2

H 

BBr
3 

BBr
3 

BCI 

BCI+ 

BClf 

BCIF 2 

BCIO 

BCl
2 + BCl
2 

BCl
2

F 

BCl
2

H 

BCl
3 

BF 

BfO 

BF 2 
+ 

BF2H 

BF
2

HO 

BF
2

0 

BF3 

BF4K 

BF4K 

BF4K 

Btl 

BHO 

BHO+ 

BH02 

BH02 

BH2 

BH
2

0 2 
BH3 

BH
3

0
3 

BH
3

0
3 

BH4K 

BH4Li 

BH4Na 

B1 

BI2 

B13 

BK02 

BK02 

BK02 

BLi02 

BLi0
2 

Table Title 

Boron Dibromide Chloride (g) 

Boron Dibromide Fluoride (g) 

Boron Dibromide Hydride (g) 

Boron Tribromide 0) 

Boron Tribromide (g) 

Boron Monochloride (g) 

Boron Monochloride Unipositive 
Ion (g) 

Boron Chloride Fluoride (g) 

Boron Chloride Difluoride (g) 

Boron Oxide Chloride (g) 

*Boron Dichloride (g) 

*Boron Dichloride Unipositive 
Ion (g) 

*Boron Dichloride Uninegative 
Ion (g) 

Boron Dichloride Fluoride (g) 

Boron Dichloride Hydride (g) 

Boron Trichloride (g) 

Boron Monofluoride (g) 

Boron Oxide Fluoride (g) 

*Boron Difluoride (g) 

*Boron Difluoride Unipositive 
Ion (g) 

*Boron Difluoride Uninegative 
Ion (g) 

Difluoroborane (g) 

Boron Hydroxide Difluoride (g) 

Boron Oxide Difluoride (g) 

Boron Trifluoride (g) 

Potassium Tetrafluoroborate (c) 

Potassium Tetrafluoroborate (~) 

Potassium Tetrafluoroborate (g) 

Boron Monohydride (g) 

Boron Oxide Hydride (g) 

Boron Oxide Hydride Unipositive 
Ion (g) 

Metaboric Acid (c) 

Metaboric Acid (g) 

Boron Dihydride (g) 

Boron Dihydroxide (g) 

Boron Trihydride (g) 

Boric Acid (c) 

Boric Acid (g) 

Potassium Tetrahydroborate (c) 

Lithium Tetrahydroborate (c) 

Sodium Tetrahydroborate (c) 

BOl:'on Iodide (g) 

Boron Diiodide (g) 

Boron Triiodide (g) 

**Potassium Metaborate (c) 

**Potassium Metaborate (tl 

**Potassium Metaborate (g) 

*Lithium Metaborate (c) 

*Lithium Metaborate Ce) 

CHASE ET At. 

Filing 

~
BLi02 

BN 

BN 

BNa0
2 

BNa0
2 

BNa0 2 
BO 

B02 
B0

2
-

BS 

BTi 

B2 
B2Be04 
B

2
Be

3
0

6 
B

2
C1 4 

B2F4 
B

2
F

4
0 

B2H 404 

B
2
H

4
0

4 

B2H6 
B

2
Mg 

B20 

B
2

0
2 

B
2

0
3 

B
2

0 3 
B

2
0

3 
B

2
0 4 Pb 

B2Ti 

B2Ti 

B
2
Zr 

B
2

Zr 

B
3
Cl 30

3 
B3fl!203 

B3 f 2H03 

B3F 303 

B3 F 303 

B 3H 303 

B3H303 

B3H 306 

B3H 6N3 

B4 K 207 

B4 Li Z07 

B
4

Li
2

0
7 

B4Mg 

B4Na 20 7 
B

4
Na

2
0

7 
B

4
0

7
Pb 

BSH9 

B5H 9 

B6 K
20lO 

Table Title 

*Lithium Metaborate (g) 

Boron Nitride (c) 

Boron Nitride (g) 

*Sodium Metaborate 

*Sodium Metaborate 

*Sodium Metaborate 

Boron Monoxide (g) 

Boron Dioxide (g) 

(c) 

(t) 

(g) 

Boron Dioxide Uninegative Ion (g) 

*Boron Monosulfide (g) 

Titanium Monoboride (c) 

Boron, Diatomic (g) 

Beryllium Diborate (g) 

Triberyllium Diborate (c) 

Boron Dichloride, Dimeric (g) 

Boron Difluoride, Dimeric (g) 

**Diboron Tetrafluoromonoxide (g) 

Boron Dihydroxide, Dimeric (c) 

Boron Dihydroxide, Dimeric (g) 

Diborane (g) 

Magnesium Diboride (c) 

Diboron Monoxide (g) 

Boron Monoxide, Dimeric 

*Boron Oxide (c) 

*Boron Oxide (t) 

*Boron Oxide (g) 

Lead Diborate (e) 

Titanium Diboride (c) 

Titanium Diboride (e) 

Zirconium Diboride (c) 

Zirconium Diboride (t) 

(g) 

Boron Oxide Chloride, Trimeric (g) 

Monofluoroboroxin (g) 

Difluoroboroxin (g) 

Boron Oxide Fluoride, Trimeric (c) 

Boron Oxide Fluoride, Trimeric (g) 

Boroxin (c) 

Boroxin (g) 

Metaboric Acid, Trimeric (g) 

Borazine (g) 

Dipotassium Tetraboron 
Heptaoxide (e) 

Dipotassium Tetraboron 
Heptaoxide (el 

Dilithium Tetraborate (c) 

Dilithium Tetraborate eel 
Magnesium Tetraboride (e) 

Disodium Tetraborate (e) 

Disodium Tetraborate (t) 

Lead Tetraborate (e) 

Pentaborane (t) 

Pentaborane (g) 

Dipotassium Hexaborate (c) 



Filing 
Order 

B6 Li
2010 

B
6

Na zOlO 
B

6
0l0 Pb 

BsK
2

0 l3 
BsK20 l3 
BSLi 2013 
B10H14 
BIOHl4 
B10H14 
BI0017Pb2 

Ba 

Sa 

Ba 

Ba 

Be 

Be 

Be 

Be 
+ Be 

BeBr 

BeBr 2 
BeBr 2 
BeBr2 
BeCI 

+ BeCI 

BeCH 

BeC1 2 
BeC1

2 
BeC1 2 
BeCl Z 
BeF 

BeF 2 

BeF 2 

BeF 2 
BeF

3
Li 

Ber 3Li 

Ber 3Li 

Bel' 4 Li2 

BeF 4Li
2 

BeH 
+ BeH 

BeHO 
+ BeHO 

BeH Z 
BeH

2
0 2 

BeH
2

0 Z 
BeH 20 Z 
Bel 

BeI 2 
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______ ~Table T~i~t=l~e __________ __ 

Dilithium Hexaborate (c) 

Disodium Hexaborate (e) 

Lead Hexaborate (e) 

Dipotassium Oetaborate (e) 

Dipotassium Octaborate (t) 

Dilithium Octaborate (c) 

Decaborane (c) 

Decaborane (t) 

Deeaborane (g) 

Dilead Decaborate (c) 

**Barium (ref. st.) 

**Barium (c) 

**Barium (t) 

**Barium (g) 

Beryllium (ref. st.) 

Beryllium (e) 

Beryllium (t) 

Beryllium (g) 

Beryllium Unipositive Ion (g) 

Beryllium Monobromide (g) 

Beryllium Dibromide (e) 

Beryllium Dibromide (el 

Beryllium Dibromide (g) 

Beryllium l1onoehloride (g) 

Beryllium Monochloride Unipositive 
Ion (g) 

Beryllium Chloride Fluoride (g) 

Beryllium Dichloride (c,a) 

Beryllium Dichloride (c,~l 

Beryllium Dichloride (tl 

Beryllium Dichloride (g) 

*Beryllium Monofluoride (g) 

Beryllium Difluoride (c) 

Beryllium Difluoride (e) 

Beryllium Difluoride (g) 

*Lithium Trifluoroberyllate (c) 

**Lithium Trifluoroberyllate (l) 

Lithium Beryllium Fluoride (g) 

*Dilithium Tetrafluoroberyllate (c) 

*Dilithium Tetrafluoroberyllate (e) 

Beryllium Monohydride (g) 

Beryllium Monohydride 
Unipositive Ion (g) 

Beryllium Monohydroxide (g) 

Beryllium Monohydroxide 
Unipositive Ion (g) 

Beryllium Dihydride (g) 

Beryllium Hydroxide (c,a) 

Beryllium Hydroxide (c, ~) 

Beryllium Hydroxide (g) 

Beryllium Monoiodide (g) 

Beryllium Diiodide (c) 

Filing 

~-
BeI

2 
BeI

2 
BeN 

BeO 

BeO 

BeO 

BeO 

Be0 4S 

Be0 4S 

Be04 S 

Be0 4W 

Be
2

C1 4 
Be

2
F 20 

Be
2

0 

BezO z 
Be

2
0 4Si 

Be 3NZ 

Be 3N 2 
Be 30 3 
Be 404 
BeSOS 
Be

S
0 6 

Br 

BrCI 

BrF 

BrF3 

BrF 5 

BrH 

BrH 4N 

BrHg 

BrI 

BrK 

BrK 

BrK 

BrLi 

BrLi 

BrLi 

BrMg 

BrN 

BrNO 

brNa 

BrNa 

BrNa 

BrP 

BrPb 

BrTi 

BrW 

BrZr 

Br
2 

Br 2 
Br 2 

Beryllium Diiodide (tl 

Beryllium Diiodide (g) 

Beryllium Nitride (g) 

*Beryllium Oxide (c,a) 

*Beryllium Oxide (c,~) 

*Beryllium Oxide (l) 

Beryllium Oxide (g) 

Beryllium Sulfate (c,a) 

Beryllium Sulfate (c,P) 

Beryllium Sulfate (c,y) 

Beryllium Tungstate (c) 

Beryllium Dichloride, Dimeric (g) 

Dilithium Oxide Difluoride (g) 

Diberyllium Oxide (g) 

Beryllium Oxide, Dimerie (g) 

Beryllium Orthosilicate (c) 

Beryllium Nitride (c,a) 

Beryllium Nitride (el 

Beryllium Oxide, Trimerie (g) 

Beryllium Oxide, Tetrameric (g) 

Beryllium Oxide, Pentameric (g) 

Beryllium Oxide, Hexameric (g) 

Bromine, Monatomic (g) 

Bromine Monochloride (g) 

Bromine Monofluoride (g) 

Bromine Trifluoride (g) 

Bromine Pentafluoride (g) 

Hydrogen Bromide (g) 

Ammonium Bromide (e) 

Mercurous Bromide (g) 

Iodine Monobromide (g) 

Potassium Bromide (c) 

Potassium Bromide et) 

Potassium Bromide (g) 

Lithium Bromide (c) 

Lithium Bromide (e) 

Lithium Bromide (g) 

Magnesium Monobromide (g) 

Nitrogen Bromide (g) 

Nitrosyl Bromide (g) 

Sodium Bromide (c) 

Sodium Bromide (tl 

Sodium Bromide (g) 

Phosphorus Monobromide (g) 

Lead Monobromide (g) 

Titanium Monobromide (g) 

Tungsten Monobromide (g) 

Zirconium Monobromide (g) 

Bromine (ref. st.) 

Bromine (el 

Bromine, Diatomic (g) 
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Filing 
Order 

Br 2Fe 

Brle 

Br 2Fe 

Br
2
Hg 

Br
2

Hg 

Br
2

Hg 

Br 2Hg
2 

Br
2

K
2 

Br
2

Li
2 

Br
2

Mg 

Br
2

Mg 

Br
2

Mg 

Br
2

Na
2 

Br
2

Pb 

Br 2Pb 

Br 2Pb 

Br
2
Ti 

Br
2
Ti 

Br 2Zr 

Br
2
Zr 

Br
2
Zr 

Br
3
0P 

Br
3

P 

Br
3

PS 

Br3Ti 

Br3Ti 

Br
3
Zr 

Br
3
Zr 

Br
4

Fe
2 

Br
4

Pb 

Br4Ti 
Br

4
Ti 

Br 4Ti 

Br
4

Zr 

Br 4Zr 

BrSW 

BrSW 

BrSW 

Br 6W 

Br6 Vi 

c 
C 

C-

CAl 

CB 

CB 4 
CB 4 
CBe

2 
CBe 2 
CBr 

CBrF
3 

CBrN 

Table Title 

Iron Dibromide (c) 

Iron uibromide (t) 

Iron Dibromide (g) 

Mercuric Bromide (c) 

Mercuric Bromide (Z) 

Mercuric Bromide (g) 

Mercurous Bromide (cl 

Potassium Bromide, Dimeric (g) 

Lithium Bromide, Dimeric (g) 

Magnesium Dibromide (c) 

Magnesium Dibromide (ll 

Magnesium Dibromide (g) 

Sodium Bromide, Dimeric (g) 

Lead Dibromide (cl 

Lead Dibromide (tl 

Lead Dibromide (g) 

Titanium Dibromide (c) 

Titanium Dibromide (g) 

Zirconium Dibromide (cl 

Zirconium Dibromide (t) 

Zirconium Dibromide (g) 

Phosphoryl Bromide (g) 

Phosphorus Tribromide (g) 

Thiophosphoryl Bromide (g) 

Titanium Tribromide (c) 

Titanium Tribromide (g) 

Zirconium Tribromide (cl 

Zirconium Tribromide (g) 

Iron Dibromide, Dimeric (g) 

Lead Tetrabromide (g) 

Titanium Tetrabromide (c) 

Titanium Tetrabromide (tl 

Titanium Tetrabromide (g) 

Zirconium Tetrabromide (c) 

Zirconium Tetrabromide (g) 

Tungsten Pentabromide (c) 

Tungsten Pentabromide (t) 

Tungsten Pentabromide (g) 

Tungsten Hexabromide (e) 

Tungsten Hexabromide (g) 

Carbon (ref. st., Graphite) 

Carbon, Monatomic (g) 

Carbon Uninegative Ion (g) 

Aluminum Carbide (g) 

Boron Carbide (g) 

Boron Carbide (c) 

Boron Carbide eel 

Beryllium Carbide (cl 

Beryllium Carbide (t) 

Carbon Honobromide (g) 

Bromotrifluoromethane (g) 

Cyanogen Bromide (g) 

CHASE ET At. 

Filing 
Order 

CBr 4 
CCl 

CClFO 

CClF 3 

CCIN 

CClO 

CC1 2 
CCl 2F

2 
CC1

2
0 

CCl
3 

CCl
3

F 

CC1 4 
CCuN 

CFN 

CFO 

CF 
2+ 

CF 2 

CF
2

0 

CF
3 

CF + 
3 

CF31 

CF 4 
CF 40 

CH 

CH+ 

CllCl 

CHClF 2 

CHC1
2

F 

CHC1
3 

CHF 

CHFO 

CHF 3 

CHN 

CHNO 

CllO 

CHO+ 

CllP 

CH 2 
CH

2
ClF 

CH
2

Cl
2 

CH 2 F 2 

CH 20 

CH
3 

CH 3 Cl 

CH
3

Cl
3
Si 

CH3F 

CH3F 3Si 

Cll 4 
CIN 

Table Title 
Carbon Tetrabromide (g) 

Carbon Monochloride (g) 

Carbonyl Chlorofluoride (g) 

Chlorotrifluoromethane (g) 

Cyanogen Chloride (g) 

Carbonyl Monochloride (g) 

Carbon Dichloride (g) 

Dichlorodifluoromethane (g) 

Carbonyl Chloride (g) 

Trichloromethyl (g) 

Trichlorofluoromethane (g) 

Carbon Tetrachloride (g) 

-*Cuprous Cyanide (e) 

Carbon Honofluoride (g) 

··Carbon Monofluoride Unipositive 
Ion (g) 

Cyanogen Fluoride (g) 

Carbonyl Monofluoride (g) 

Carbon Difluoride (gl 

**Carbon Difluoride Unipositive 
Ion (g) 

Carbonyl Fluoride (g) 

Trifluoromethyl (g) 

**Trifluoromethyl Unipositive Ion (g) 

Trifluoroiodomethane (g) 

Carbon Tetrafluoride (g) 

Trifluoromethyl Hypofluorite (g) 

Methylidyne (g) 

**Methylidyne Unipositive Ion (g) 

Monochloromethylene (g) 

Chlorodifluoromethane (g) 

Dichlorofluoromethane (g) 

Chloroform (g) 

Monofluoromethylene (g) 

Formyl Fluoride (g) 

Trifluoromethane (g) 

Hydrogen Cyanide (g) 

*Hydrogen Isocyanate (g) 

*Formyl (g) 

*Formyl Unipositive Ion (g) 

Methinophosphide (g) 

Methylene (g) 

Chlorofluoromethane (g) 

Dichloromethane (g) 

Difluoromethane (g) 

Formaldehyde (g) 

Methyl (g) 

*Methyl Chloride (g) 

Trichloromethylsilane (g) 

Fluoromethane (g) 

Trifluoromethylsilane (g) 

Methane (g) 

Cyanogen Iodide (g) 



Filing 
Order 

CKN 

CKN 

CKN 

CK
2

0
3 

CK
2

0
3 

CLi
2

0
3 

CLi
2

0
3 

CMg0
3 

CN 

CI/ 

CN 

CNNa 

CNNa 

CNNa 

CNO 

CN
2 

CN
2 

CNa 2 0 3 

CNa
2

0
3 

CO 

cos 
CO

2 
CO

2 
CP 

CS 

CS
2 

CSi 

CSi 

CSi 

CSi 

CSi
2 

CTi 

C'Ii 

CZr 

CZr 

C
2 

C
2 

C
2

Be 

C
2

Cl
2 

C
2

Cl
4 

C
2

Cl
6 

C
2

F
2 

C/ 3N 

C
2

F
4 

C
2

F
6 

C
2

H 

C
2

HCl 

C
2

HF 

C
2

H
2 

C
2

H
4 

C
2

H
4

0 

C
2

K
2

N
2 

C
2

Li
2 
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Table Title 

Potassium Cyanide (c) 

Potassium Cyanide (t) 

Potassium Cyanide (g) 

Potassium Carbonate (c) 

Potassium Carbonate (t) 

Lithium Carbonate (c) 

Lithium Carbonate (t) 

Magnesium Carbonate (c) 

Cyano (g) 

*Cyano Unipositive Ion (g) 

'Cyano Uninegative Ion (g) 

Sodium Cyanide (e) 

Sodium Cyanide (t) 

Sodium Cyanide (g) 

*NCO Radical (g) 

eNN Radical (g) 

*NCN Radical (g) 

Sodium Carbonate (c) 

Sodium Carbonate (t) 

Carbon Monoxide (g) 

Carbon Oxysulfide (g) 

Carbon Dioxide (g) 

Carbon Dioxide Uninegative Ion (g) 

Carbon Phosphide (g) 

Carbon Monosulfide (g) 

Carbon Disulfide (g) 

Silicon Carbide (c,a) 

Silicon Carbide (c,~) 

Silicon Carbide (tl 

Silicon Carbide (g) 

Disilicon Carbide (g) 

Titanium Carbide (c) 

Titanium Carbide (e) 

Zirconium Carbide (c) 

Zirconium Carbide (t) 

Carbon, Diatomic (g) 

Dimeric Carbon Uninegative Ion (g) 

Beryllium Carbide (g) 

Dichloroacetylene (g) 

Tetrachloroethylene (g) 

Hexachloroethane (g) 

Difluoroacetylene (g) 

Trifluoroacetonitrile (g) 

Tetrafluoroethylene (g) 

Hexafluoroethane (g) 

CCH Radical (g) 

Chloroacetylene (g) 

Monofluoroacetylene (g) 

Acetylene (g) 

Ethylene (g) 

Ethylene Oxide (g) 

Potassium Cyanide, Dimeric (g) 

Lithium Carbide (c) 

filing 
Order_ 

C
2

11g 

C
2

N 

C
2

N
2 

C
2

N
2

Na
2 

C
2

0 

C
2
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C
3 
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C
3

Mg
2 

C
3

0
2 

C
4 

C4H
12

Si 

C
4

N
2 

C 
5 

Ca 

Ca 

Ca 

Ca 

Ca 
+ 

Ca 

CaCl 

CaCl
2 

CaCl
2 

CaC1
2 

CaF 

CaF
2 

CaF
2 

CaF2 

CaHO 

CaHO+ 

CaH
2

0
2 

CaO 

CaO 

CaS 

Cl 
C1+ 

Cl 

ClCs 

ClCs 

ClCs 

ClCu 

ClCu 

ClCu 

ClF 

ClFLi
2 

ClFMg 

ClF0
2

S 

ClF0
3 

ClF 20P 

ClF 3 

ClF 3Si 

Table Title 

l1agnesium Carbide (c) 

CNC Radical 

Cyanogen (g) 

Sodium Cyanide, Dimeric (g) 

CCO Radical (g) 

Silicon Dicarbide (g) 

Carbon, Trimeric (g) 

Aluminum Carbide (c) 

Magnesium Carbide (c) 

Carbon Suboxide (g) 

Carbon, Tetratomic (g) 

Tetramethylsilane (g) 

Carbon Subnitride (g) 

Carbon, Pentatomic (g) 

Calcium (ref. st.) 

Calcium (a) 

Calcium (~) 

Calcium (e) 

Calcium (g) 

**Calcium Unipositive Ion (g) 

Calcium Monochloride (gl 

Calcium Chloride (c) 

Calcium Chloride (e) 

Calcium Chloride (g) 

Calcium Monofluoride (g) 

Calcium Difluoride (c) 

Calcium Difluoride (t) 

Calcium Difluoride (g) 

Calcium Monohydroxide (g) 

Calcium Monohydroxide Unipositive 
Ion (g) 

**Calcium Hydroxide (c) 

**Calcium Oxide (c) 

**Calcium Oxide (e) 

**Calcium Sulfide (c) 

**Chlorine, Monatomic (g) 

Chlorine Unipositive Ion (g) 

Chlorine Uninegative Ion (g) 

Cesium Monochloride (c) 

Cesium Monochloride (el 

Cesium Monochloride (g) 

Copper Monochloride (c) 

Copper Monochloride (Il 

Copper Monochloride (g) 

Chlorine Monofluoride (g) 

Lithium Chlorofluoride (g) 

Magnesium Chloride Fluoride (g), 

**Sulfuryl Chloride Fluoride (g) 

Perchloryl Fluoride (g) 

Phosphoryl Difluorochloride (g) 

Chlorine Trifluoride (g) 

Chlorotrifluorosilane (g) 
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filing 
Ord~_ 

Clf 5 

C1Fe 

ClH 

CIHO 

C1H 3Si 

ClH
4

N 

ClH
4

N0
4 

ClHg 

ClI 

ClI 

ClI 

ClK 

ClK 

ClK 

ClK0
4 

ClLi 

ClLi 

ClLi 

ClLiO 

C1Li0
4 

C1Li0 4 
C1Mg 

+ C1Mg 

C1NO 

C1N0 2 
C1Na 

C1Na 

C1Na 

CINa0 4 
C10 

C10Ti 

C10
2 

CIP 

C1Pb 

C1Si 

ClTi 

C1W 

C1Zr 

C1
2 

C12Cs
2 

C1
2

Cu 

C1 2FOP 

C1 2Fe 

C1 2Fe 

C1
2

Fe 

C1 2H
2
Si 

Cl 2Hg 

Cl
2

Hg 

C1
2

Hg 

C1
2

Hg
2 

C1
2

K
2 

C1 2 Li
2 

Table Title 

Chlorine Pentafluoride (g) 

Iron Monochloride (g) 

Hydrogen Chloride (g) 

Hydrogen Oxychloride (g) 

Chlorosilane (g) 

Ammonium Chloride (c) 

Ammonium Perchlorate (c) 

Mercurous Chloride (g) 

Iodine Monochloride (c) 

Iodine Monochloride (e) 

Iodine Monochloride (g) 

Potassium Chloride (c) 

Potassium Chloride ee) 
Potassium Chloride (g) 

Potassium Perchlorate (c) 

Lithium Chloride (c) 

Lithium Chloride (t) 

Lithium Chloride (g) 

Lithium Oxychloride (g) 

Lithium Perchlorate (c) 

Lithium Perchlorate eel 
Magnesium Monochloride (g) 

Magnesium Monochloride 
Unipositive Ion (g) 

Nitrosyl Chloride (g) 

Nitryl Chloride (g) 

Sodium Chloride (c) 

Sodium Chloride (tl 

Sodium Chloride (g) 

Sodium Perchlorate (c) 

Chlorine Monoxide (g) 

Titanium Oxychloride (g) 

Chlorine Dioxide (g) 

Phosphorus Monochloride (g) 

Lead Monochloride (g) 

Silicon Monochloride (gl 

Titanium Monochloride (gl 

Tungsten Monochloride (gl 

Zirconium Monochloride (g) 

Chlorine, Diatomic (ref. st., g) 

Cesium Monochloride, Dimeric (g) 

Copper Dichloride (c) 

Phosphoryl Fluorodichloride (g) 

*Iron Dichloride (c) 

*Iron Dichloride (el 

·Iron Dichloride (g) 

Dichlorosilane (g) 

Mercuric Chloride (c) 

Mercuric Chloride (e) 

Mercuric Chloride (g) 

Mercurous Chloride (c) 

Potassium Chloride, Dimeric (g) 

Lithium Chloride, Dimeric (g) 

CHASE ET AL. 

Filing 
Order 

ClzMg 

C1
2

Mg 

Cl
2

Mg 

C1
2

Mo0 2 
C1

2
Na

2 
C1

2
0 

C1 20Ti 

C1
2

0
2

S 

C1
2

0
2

W 

C1
2

0
2

W 

Cl
2

Pb 

C1
2

Pb 

C1
2

Pb 

C1 2Si 

C1 2Ti 

C1
2
Ti 

C1 2W 

C1 2W 

Cl 2Zr 

C1
2

Zr 

Cl
2

Zr 

Cl
3

Cu
3 

C1
3
FSi 

C1
3

Fe 

C1
3

Fe 

C1
3

Fe 

C1
3
HSi 

C1 3
Li 3 

Cl
3
0P 

Cl
3

P 

C1
3

PS 

C1
3
Si 

Cl
3
Ti 

C1
3
Ti 

C1
3
Zr 

C1
3

Zr 

C1
4
fe

2 
C1 4Mg

2 
C1 4 Mo 

C1
4

Mo 

C1
4

Mo 

Cl 4 0W 

C1
4

0W 

C1
4

0W 

C14 Pb 

C1
4
Si 

Cl
4

Ti 

C1
4
Ti 

C1
4
Ti 

C1 4W 

Cl
4

W 

Cl 4Zr 

C1 4Zr 

Table Title 

Magnesium Dichloride (c) 

Magnesium Dichloride (e) 

Magnesium Dichloride (g) 

Molybdenum Dioxydichloride (g) 

Sodium Chloride, Dimeric (gl 

Chlorine Monoxide (g) 

Titanium Oxydichloride (g) 

**Sulfuryl Chloride 

TUngsten Dioxydichloride (c) 

TUngsten Dioxydichloride (g) 

Lead Dichloride (c) 

Lead Dichloride (l) 

Lead Dichloride (g) 

*Silicon Dichloride (g) 

Titanium Dichloride (c) 

Titanium Dichloride (g) 

Tungsten Dichloride (c) 

Tungsten Dichloride (g) 

Zirconium Dichloride (c) 

Zirconium Dichloride (0 

Zirconium Dichloride (g) 

Copper Monochloride, Trimeric (g) 

Trichlorofluorosilane (g) 

Iron Trichloride (c) 

Iron Trichloride (tl 

Iron Trichloride (g) 

Trichlorosilane (g) 

Lithium Chloride, Trimeric (g) 

Phosphoryl Chloride (g) 

Phosphorus Trichloride (g) 

Thiophosphoryl Chloride (g) 

Silicon Trichloride (g) 

Titanium Trichloride (c) 

Titanium Trichloride (g) 

Zirconium Trichloride (c) 

Zirconium Trichloride (g) 

**Iron Dichloride, Dimeric (g) 

Magnesium Dichloride, Dimeric (g) 

Molybdenum Tetrachloride (c) 

Molybdenum Tetrachloride eel 

Molybdenum Tetrachloride (g) 

Tungsten Oxytetrachloride (c) 

Tungsten Oxytetrachloride (t) 

Tungsten Oxytetrachloride (g) 

Lead Tetrachloride (g) 

*Silicon Tetrachloride (g) 

Titanium Tatrachloride (c) 

Titanium Tetrachloride (t) 

Titanium Tetrachloride (g) 

TUngsten Tatrachloride (c) 

TUngsten Tetrachloride (g) 

Zirconium Tetrachloride (c) 

Zirconium Tetrachloride (g) 



Filing 
Order 

CISMo 

ClsMo 

CISMo 

CISP 

CISW 

C1
5

W 

CISW 

C1
6

Fe
2 

CISMo 

CISMo 

C1
6

W 

Cl
6

W 

C1
6

W 

C1
6

W 

Cl lOW2 

Co 

Co 

Co 

Co 

Co + 

CoF
2 

CoF
2 

CoF 2 
CoF

3 
CoO 

Co0 4S 

C0 30 4 

Cs 

Cs 

Cs 

Cs 
+ 

Cs 

CsF 

CsF 

CsF 

CsHO 

CsHO 

CsHO 

CsHO+ 

cso 

CS 2 
Cs

2
F

2 
Cs 2H20 2 
Cs

2
0 

Cu 

Cu 

Cu 

Cu 
CU+ 

cur 
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Table Title 

Molybdenum Penta chloride (c) 

Molybdenum Pentachloride (tl 

Molybdenum Pentachloride (g) 

Phosphorus Pentachloride (g) 

Tungsten Pentachloride (c) 

Tungsten Pentachloride (0 

Tungsten Pentachloride (g) 

Iron Trichloride, Dimeric (g) 

Molybdenum Hexachloride (c) 

Molybdenum Hexachloride (g) 

Tungsten Hexachloride (c,u) 

Tungsten Hexachloride (c,~) 

Tungsten Hexachloride (t) 

Tungsten Hexachloride (g) 

Tungsten Pentachloride, Dimeric 

Cobalt (ref. st. ) 

Cobalt (c) 

Cobalt (t) 

Cobalt (g) 

Cobalt Unipositive Ion (g) 

Cobalt Difluoride (c) 

Cobalt Difluoride (t) 

Cobalt Difluoride (g) 

**Cobalt Trifluoride (c) 

**Cobalt Monoxide (c) 

**Cobalt Sulfate (c) 

**Tricobalt Tetraoxide (c) 

Cesium (ref. st. ) 

Cesium (c) 

Cesium 0) 

Cesium (g) 

*Cesium Unipositive Ion (g) 

Cesium Monofluoride (c) 

Cesium Monofluoride ( t) 

Cesium Monofluoride (g) 

**Cesium Hydroxide (c) 

**Cesium Hydroxide (0 

**Cesium Hydr'oxide (g) 

**Cesium Hydroxide Unipositive 
Ion (g) 

Cesium Monoxide (g) 

Cesium, Dimeric (g) 

Cesium Monofluoride, Dimeric (g) 

**Cesium Hydroxide, Dimeric (g) 

Dicesium Monoxide (g) 

Copper' (ref. st. ) 

Copper (c) 

Copper (el 

Copper (g) 

Copper Unipositive Ion (g) 

Copper Monofluoride (e) 

Filing 
Orde~ 

CuF 

CuF
2 

CuF 2 
CuF

2 
CuH 20

2 
CuO 

CuO 

Cu0
4

S 

CU
2 

Cu
2

0 

Cu
2

0 

Cu 20SS 

F 

(g) F 

FFe 

FH 

FHO 

FH0 3S 

FH 3Si 

FHg 

FI 

FK 

FK 

FK 

FLi 

FLi 

FLi 

FLiO 

FMg 

FN 

FNO 

FN0
2 

FN0 3 
FNa 

FNa 

FNa 

FO 

FOTi 

F02 
FP 

FPS 

FPb 

FSi 

FTi 

FW 

FZr 

F2 
F

2
Fe 

F
2

Fe 

F2Fe 

F2HK 

F2HK 

Table Title 

Copper Monofluoride (g) 

Copper Difluoride (e) 

Copper Difluor'ide 0) 
Copper Difluoride (g) 

Copper Dihydroxide (c) 

Copper Monoxide (e) 

Copper Monoxide (g) 

Copper Sulfate (e) 

Copper, Diatomic (g) 

Dieopper' Monoxide (c) 

Dicopper Monoxide (t) 

Copper Oxide Sulfate (c) 

Fluorine, Monatomic (g) 

*Fluorine Uninegative Ion (g) 

Iron Monofluoride (g) 

Hydrogen Fluoride (g) 

Hydrogen Oxyfluoride (g) 

**Fluorosulfuric Acid (g) 

Fluorosilane (g) 

Mercurous Fluoride (g) 

Iodine Monofluoride (g) 

Potassium Fluoride (c) 

Potassium Fluoride (e) 

Potassium Fluoride (g) 

Lithium Fluor'ide (c) 

Lithium Fluoride (I) 

Lithium Fluoride (g) 

Lithium Oxyfluoride (g) 

Magnesium Monofluoride (gl 

Nitrogen Monofluoride (g) 

Nitrosyl Fluoride (g) 

Nitryl Fluoride (g) 

Fluorine Nitr'ate (g) 

Sodium Fluoride (c) 

Sodium Fluoride (e) 

Sodium Fluoride (g) 

Fluorine Monoxide (g) 

Titanium Oxyfluoride (g) 

Monofluorine Dioxide (g) 

Phosphorus Monofluoride (g) 

Phosphorus Thiofluoride (g) 

Lead Monofluoride (g) 

Silicon Monofluoride (g) 

Titanium Monofluoride (g) 

Tungsten Monofluoride (g) 

Zirconium Monofluoride (g) 

Fluorine, Diatomic (ref. st., gl 

Iron Difluoride (c) 

Iron Difluoride (t) 

Iron Difluoride (g) 

*Potassium Bifluoride (e) 

*Potassium Bifluoride (e) 

J. Phys. Chem. lief. Dala, Vol. 3, No.2, 1974 



322 

Filing 
Order 
F
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F
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Pb 

F
2
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F
2

Pb 

F 2Si 

F2Ti 

F
2

Zr 

F
2

Zr 

F
2

Zr 

F3 Fe 

F3 Fe 

F
3
HSi 

F3 Li 3 

F3 N 

F3 NO 

F
3

0P 

F
3

P 

F
3

PS 

F
3
Si 

F3 Ti 

F3 Ti 

F3 Zr 

F 3Zr 

F
4

Mg
2 

F
4

MoO 

F4N2 
F

4
0W 

F
4

0W 

F
4

0W 

Table Title 
Difluorosilane (g) 

Mercuric Fluoride (c) 

Mercuric Fluoride (el 

Mercuric Fluoride (g) 

Mercurous Fluoride (c) 

Potassium Difluoride Uninegative 
Ion (g) 

Potassium Fluoride, Dimeric (g) 

Lithium Difluoride Uninegative 
Ion (g) 

Lithium Fluoride, Dimeric (g) 

Magnesium Fluoride (c) 

Magnesium Fluoride (t) 

Magnesium Fluoride (g) 

Nitrogen Difluoride (g) 

Difluorodiazine, cis- (g) 

Difluorodiazine, trans- (g) 

Sodium Difluoride Uninegative 
Ion (g) 

Sodium Fluoride, Dimeric (g) 

Oxygen Difluoride (g) 

*Thionyl Fluoride (g) 

Silicon Oxydifluoride (g) 

Titanium Oxydifluoride (g) 

*Sulfuryl Fluoride (g) 

Phosphorus Difluoride (g) 

Lead Difluoride (c) 

Lead Difluoride (tl 

Lead Difluoride (g) 

Silicon Difluoride (g) 

Titanium Difluoride (g) 

Zirconium Difluoride (c) 

Zirconium Difluoride (t) 

Zirconium Difluoride (g) 

Iron Trifluoride (c) 

Iron Trifluoride (g) 

Trifluorosilane (g) 

Lithium Fluoride, Trimeric (g) 

Nitrogen Trifluoride (g) 

Trifluoramine Oxide (g) 

Phosphoryl Fluoride (g) 

Phosphorus Trifluoride (g) 

Thiophosphoryl Fluoride (g) 

Silicon Trifluoride (g) 

Titanium Trifluoride (c) 

Titanium Trifluoride (g) 

Zirconium Trifluoride (c) 

Zirconium Trifluoride (g) 

Magnesium Difluoride, Dimeric (g) 

Molybdenum Oxytetrafluoride (g) 

Tetrafluorohydrazine (g) 

*Tungsten Oxytetrafluoride (c) 

*Tungsten Oxytetrafluoride (e) 

*Tungsten Oxytetrafluoride (g) 

CHASE ET At. 

Filing 
Orde!2-
F

4
Pb 

F
4

S 

F4Si 

F4 Ti 

FljTi 

F4 Zr 

F4 Zr 

FSI 

FSP 

F6 Mo 

F6 Mo 

F6 S 

F6 W 

F6 W 

F7 1 

Fe 

Fe 

Fe 

Fe 

FeH
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FeH
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FeH
3
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Fe1
2 

Fe12 

Fe1
2 
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FeO 
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FeO 

Fe0
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Fe
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Fe
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Fe
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S

3 
Fe

3
0 4 

H 
H+ 

H 

HIIg 

HI 

HK 

HK 

EKO 

HKO 

HKO 
HKO+ 

HLi 

HLi 

HLi 

HLiO 

ELiO 

______ ~Table Title 
Lead Tetrafluoride (g) 

Sulfur Tetrafluoride (g) 

Silicon Tetrafluoride (g) 

Titanium Tetrafluoride (c) 

Titanium Tetrafluoride (g) 

Zirconium Tetrafluoride (c) 

Zirconium Tetrafluoride (g) 

Iodine Pentafluoride (g) 

Phosphorus Pentafluoride (g) 

Molybdenum Hexafluoride (el 

Molybdenum Hexafluoride (g) 

Sulfur Hexafluoride (g) 

Tungsten Hexafluoride (e) 

Tungsten Hexafluoride (g) 

Iodine Heptafluoride (g) 

Iron (ref. st.) 

Iron (c) 

Iron (el 

Iron (g) 

Iron Dihydroxide 

Iron Dihydroxide 

Iron Trihydroxide 

Iron Diiodide (c) 

Iron Diiodide (0 

Iron Diiodide (g) 

Wustite (c) 

Iron Oxide (c) 

Iron Oxide (el 

Iron Oxide (g) 

Iron Sulfate (c) 

(c) 

(g) 

(c) 

Iron Diiodide, Dimeric 

Hematite (c) 

Diiron Trisulfate (c) 

Magnetite (c) 

Hydrogen, Monatomic (g) 

Proton (g) 

(gl 

Hydrogen Uninegative Ion (g) 

Mercury Monohydride (g) 

Hydrogen Iodide (g) 

Potassium Hydride (c) 

Potassium Hydride (g) 

·Potassium Hydroxide (c) 

*Potassium Hydroxide (el 

*Potassium Hydroxide (g) 

**Potassium Hydroxide Unipositive 
Ion (g) 

Lithium Hydride (c) 

Lithium Hydride (el 
Lithium Hydride (g) 

*Lithium Hydroxide (c) 

*Lithium Hydroxide (e) 



Filing 
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Table Title 

*Lithium Hydroxide (g) 

**Lithium Hydroxide Unipositive 
Ion (g) 

Magnesium Monohydride (g) 

Magnesium Monohydroxide (g) 

Magnesium Monohydroxide 
Unipositive Ion (g) 

*Imidogen (g) 

Nitroxyl (g) 

Nitrous Acid, cis- (g) 

Nitrous Acid, trans- (g) 

Nitric Acid (g) 

Sodium Hydride (c) 

Sodium Hydride (g) 

*Sodium Hydroxide (c) 

*Sodium Hydroxide (e) 

*Sodium Hydroxide (g) 

**Sodium Hydroxide Unipositive 
Ion (g) 

*Hydroxyl (g) 

*Hydroxyl Unipositive Ion (g) 

*Hydroxyl Uninegative Ion (g) 

Hydroperoxyl (g) 

Phosphorus Monohydride (g) 

Lead Monohydride (g) 

Sulfur Monohydride (g) 

Silicon Monohydride (g) 

**Silicon Monohydride Unipositive 
Ion (g) 

Zirconium Hydride (g) 

Hydrogen, Diatomic (ref. st., g) 

*Potassium Hydroxide, Dimeric (g) 

*Lithium Hydroxide, Dimeric (g) 

Magnesium Hydride (c) 

Magnesium Dihydroxide (c) 

Magnesium Dihydroxide (g) 

Molybdic Acid (g) 

Amidogen (g) 

Diimide (g) 

*Sodium Hydroxide, Dimeric (g) 

Water' (g) 

Hydrogen Peroxide (g) 

Sulfuric Acid (t) 

Sulfuric Acid (g) 

Tungstie Acid (c) 

Tungstie Acid (g) 

Phosphorus Hydride (g) 

Hydrogen Sulfide (g) 

Titanium Hydride (c) 

Ammonia (g) 

Hydronium Unipositive Ion (gl 

*Orthophosphoric Acid (c) 

*Orthophosphoric Acid (t) 

Filing 
Ord~_ 

H
3

P 

I\IN 

H4N2 

H4N2 
H

4
Si 

Hg 

Hg 

Ilg 

HgI 

HgI
2 

HgI
2 

HgI
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HgO 

EgO 

Hg
2

1 2 
Hg

2
1 2 

I 

IK 
IK 
IK 
ILi 

ILi 

ILi 

INO 

INa 

INa 

IPb 

ITi 

IZ" 
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12 

12 

12K2 

12Li2 
1 2Pb 

1
2

Pb 

1
2

Pb 

12Ti 

I2Ti 

1 2Zr 

1 2Zr 

I 2Z" 

13 Ti 

13 Ti 

13 Zr 

I3 Zr 

I 4Pb 

14 Ti 

14 Ti 

14 Ti 

14 Zr 

14 Zr 

Table Title 

Phosphine (g) 

Ammonium Iodide (e) 

Hydrazine (il 

Hydrazine (g) 

Silane (g) 

Mercury (ref. st.) 

Mercury (e) 

Mercury, Monatomic (g) 

Mercurous Iodide (g) 

Mercuric Iodide (c) 

Mercuric Iodide (t) 

Mercuric Iodide (g) 

Mercuric Oxide (c) 

Mercury Monoxide (g) 

Mercurous Iodide (c) 

Mercurous Iodide (e) 

Iodine, Monatomic (g) 

Potassium Iodide (c) 

Potassium Iodide (tl 

Potassium Iodide (gl 

Lithium Iodide (c) 

Lithium Iodide (t) 

Lithium Iodide (g) 

Nitrosyl Iodide (g) 

Sodium Iodide (c) 

Sodium Iodide (tl 

Lead Monoiodide (g) 

Titanium Monoiodide (g) 

Zirconium Monoiodide (g) 

Iodine (ref. st.) 

Iodine (i) 

Iodine, Diatomic (gJ 

Potassium Iodide, Dimeric (g) 

Lithium Iodide, Dimeric (g) 

Lead Diiodide (c) 

Lead Diiodide (e) 

Lead Diiodide (g) 

Titanium Diiodide (c) 

Titanium Diiodide (g) 

Zirconium Diiodide (c) 

Zirconium Diiodide (0 

Zirconium Diiodide (g) 

Titanium Triiodide (e) 

Titanium Triiodide (g) 

Zirconium Triiodide (c) 

Zirconium Triiodide (g) 

Lead Tetraiodide (g) 

Titanium Tetraiodide (c) 

Titanium Tetraiodide (el 

Titanium Tetraiodide (g) 

Zirconium Tetraiodide (c) 

Zirconium Tetraiodide (g) 
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.ing 
~E_ 

'2 
)3 Si 

)3 Si 

)I.jS 

)4 S 

2 

2° 

2° 

2° 

2°2 

2°2 
Z03 Si 

Z03 Si 

2
0

3
Ti 

2
0

3
Ti 

20S Si2 

2
0

5Si 2 

3
N 

+ 

N 

° 

° 

° 

°3Si 

°3 Si 

°3Ti 

°3 Ti 

Table Title 

Potassium (ref. st.) 

Potassium (£) 

Potassium, Monatomic (g) 

Potassium Unipositive Ion (g) 

Potassium Monoxide (g) 

Potassium Monoxide Uninegative 
Ion (g) 

*Potassium Superoxide (c) 

Potassium, Diatomic (g) 

Potassium Oxide (cl 

Potassium Peroxide (c) 

**Potassium Metasilicate (cl 

**Potassium Metasilicate (t) 

**Potassium Sulfate (c) 

·*Potassium Sulfate (£) 

Lithium (ref. st.) 

Lithium (cl 

Lithium (t) 

Lithium, Monatomic (g) 

Lithium Unipositive Ion (g) 

Lithium Nitride (g) 

Lithium Nitroxide (g) 

Lithium Sodium Oxide (g) 

Lithium Monoxide (g) 

Lithium Monoxide Uninegative 
Ion (g) 

Lithium, Diatomic (g) 

Lithium Oxide (c) 

Lithium Oxide (e) 

Lithium Oxide (g) 

Lithium Peroxide (c) 

Lithium Monoxide, Dimeric (g) 

Lithium Metasilicate (c) 

Lithium Metasilicate (tl 

Lithium Metatitanate (c) 

Lithium Metatitanate (t) 

Lithium Disilieate (e) 

Lithium Disilieate (el 

Lithium Nitride (e) 

Magnesium (ref. st. ) 

Magnesium (c) 

Magnesium (t) 

Magnesium, Monatomic (g) 

*Magnesium Unipositive Ion (g) 

Magnesium Nitride (g) 

Magnesium Oxide (c) 

Magnesium Oxide ( e) 

Magnesium Oxide (gl 

Magnesium Metasilicate (cl 

Magnesium Metasilicate (0 

Magnesium Metatitanate (cl 

Magnesium Metatitanate (tl 

CHASE ET AL. 

filing 
Order_ 

MgOljS 

Mg0 4S 

Mg0 4W 

MgOSTi 2 
MgOSTi 2 
MgS 

MgS 

Mg
2

0
4
Si 

Mg 20 4Si 

Mg
2

0
4
Ti 

Mg
Z

0
4Ti 

Mg 2Si 

Mg
2
Si 

Mg
3

N
2 

Mg 30SP 2 
Mg

3
0

8
P

2 

Mo 

Mo 

Mo 

Mo 
+ 

Mo 

MoO 

Mo0
2 

Mo0
2 

Mo0
3 

Mo0
3 

Mo0
3 

N 

NO 
+ 

NO 

NO Z 
NO Z 
N0

3 
NP 

NS 

Nsi 

NSi
2 

NTi 

NTi 

NZr 

NZr 

NZr 

N2 
N

2
0 

+ 
N

2
0 

N
2

0
3 

N
2

0
4 

N
2

0
4 

N
2

0
4 

N
2

0
S 

Table Title 

Magnesium Sulfate (c) 

Magnesium Sulfate (t) 

Magnesium Tungstate (e) 

Magnesium Dititanate (el 

Magnesium Dititanate (tl 

*Magnesium Sulfide (e) 

*Magnesium Sulfide (g) 

Magnesium Orthos il ica te (el 

Magnesium Orthosilicate (t) 

Magnesium Orthotitanate (c) 

Magnesium Orthotitanate 0) 

Magnesium Silicide (c) 

Magnesium Silicide 0) 

Magnesium Nitride (c) 

Magnesium Orthophosphate (c) 

Magnesium Orthophosphate (t) 

Molybdenum (ref. st. l 

Molybdenum (c) 

Molybdenum (el 

Molybdenum, Monatomic (g) 

Molybdenum Unipositive 

Molybdenum Monoxide (g) 

Molybdenum Dioxide (e) 

Molybdenum Dioxide (gl 

Molybdenum Trioxide (c) 

Molybdenum Trioxide (t) 

Molybdenum Trioxide (g) 

Nitrogen, Monatomic (g) 

Nitric Oxide (g) 

Ion (g) 

Nitric Oxide Unipositive Ion (g) 

Nitrogen Dioxide (g) 

*Nitrogen Dioxide Negative Ion (g) 

Nitrogen Trioxide (g) 

Phosphorous Nitride (g) 

Sulfur Nitride (g) 

Silicon Nitride (g) 

Disilicon Nitride (g) 

Titanium Nitride (c) 

Titanium Nitride (t) 

Zirconium Nitride (e) 

Zirconium Nitride (el 

Zirconium Nitride (g) 

Nitrogen (ref. st., gl 

Dinitrogen Monoxide (g) 

**Dinitrogen Monoxide Unipositive 
Ion (g) 

Dinitrogen Trioxide (gl 

Nitrogen Tetroxide (cl 

Dinitrogen Tetroxide (tl 

Nitrogen Tetroxide (gl 

Dinitrogen Pentoxide (g) 



Filing 
QEder_ 

N3 

N4Si
3 

N
S

P
3 

Na 

Na 

Na 

Na 

Na + 

NaO 

NaO 

Na0 2 
Na 2 
Na

2
0 

Na
2

0 

Na
2

0
2 

Na
2

0
3
Si 

Na
2

0
3
Si 

Na
2

0
4
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Na
2

0
4
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Na
2

0
4
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Na
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0
4
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Na
2

0
4

S 

Na
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0
4

W 

Na
2

0
5
Si

2 
Na

2
0

5
Si

2 
Na

2
S 

Na 2S 

° o 
OP 

OPb 

OPb 

OPb 

OPb 

OS 

OS2 

OSi 

OTi 

OTi 

OTi 

OTi 

OW 
OZr 

°2 

°2 

°2 P 

°2 Pb 

°2 S 

°2Si 

°2 Si 

°2
Si 
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Table Title 

**Azide (g) 

Silicon Nitride (c,a) 

Triphosphorus Pentanitride (e) 

Sodium (ref. st.) 

Sodium (c) 

Sodium (n 
Sodium Monatomic (g) 

Sodium Unipositive Ion (g) 

Sodium Monoxide (g) 

Sodium Monoxide Uninegative Ion (g) 

Sodium Superoxide (c) 

Sodium Diatomic (g) 

Disodium Monoxide (c) 

Disodium Monoxide (e) 

Disodium Dioxide (c) 

Sodium Metasilicate (c) 

Sodium Metasilicate (tl 

Sodium Sulfate (c, V) 

Sodium Sulfate (c,III) 

Sodium Sulfate (c,I) 

Sodium Sulfate (c,8) 

Sodium Sulfate (t) 

Sodium Tungstate (c) 

Sodium Disilicate (c) 

Sodium isilicate (e) 

Sodium Sulfide (c) 

Sodium Sulfide (el 

Oxygen, Monatomic (g) 

Oxygen Uninegative Ion (g) 

*Phosphorus Monoxide (g) 

*Lead Monoxide (c, Red) 

*Lead Monoxide (c, Yellow) 

*Lead Monoxide (e) 

*Lead Monoxide (g) 

*Sulfur Monoxide (g) 

Disulfur Monoxide (g) 

Silicon Monoxide (g) 

Titanium Monoxide (c,a) 

Titanium Monoxide (c,~) 

Titanium Monoxide (e) 

Titanium Monoxide (g) 

Tungsten Monoxide (gl 

Zirconium Monoxide (g) 

Oxygen, Diatomic (ref. st., g) 

Diatomic Oxygen Uninegative Ion (g) 

Phosphorus Dioxide (g) 

*Lead Dioxide (e) 

Sulfur Dioxide (g) 

Quartz (cl 

Cristobalite (c, low) 

Cristobalite (e, high) 

Filing 
Ord~ 

°2
Si 

°2 Si 

°2 Ti 

°2 Ti 

°2 Ti 

°2 Ti 

°2
W 

°2W 

°2.72 W 

°2.90W 

°2.96W 

°2Zr 

°2Zr 

°2Zr 

°3 

°3 PbSi 

°3 S 

°3Ti
2 

°3Ti 2 

°3W 

°3
W 

°3 W 

°4 Pb 2Si 

°4 Pb
3 

°4SiZr 

°STi 3 

°STi 3 

°STi 3 

°6
P

4 

°6
W

2 
0gW 3 

°9W3 
°10P 4 

°10P 4 

°12 W4 

P 

P 

P 

P 

P 

PS 

P
2 

P
4 

P 4 S
3 

P
4

S
3 

P
4

S
3 

Pb 

Pb 

Pb 

Pb 

Pb 2 

Table T=i~t=l=e __________ __ 

Silicon Dioxide (el 

Silicon Dioxide (gl 

Anatase (e) 

Rutile (c) 

Titanium Dioxide (t) 

Titanium Dioxide (g) 

Tungsten Dioxide (c) 

Tungsten Dioxide (g) 

Tungsten Oxide (c) 

Tungsten Oxide (e) 

Tungsten Oxide (e) 

Zirconium Dioxide (e) 

Zirconium Dioxide (e) 

Zirconium Dioxide (g) 

Ozone (g) 

Lead Metasilicate (c) 

Sulfur Trioxide (g) 

Dititanium Trioxide (c) 

Dititanium Trioxide (t) 

Tungsten Trioxide (c) 

Tungsten Trioxide (tl 

Tungsten Trioxide (g) 

Lead Orthosilicate (c) 

*Lead Orthoplumbate (c) 

Zirconium Orthosilicate (cl 

Trititanium Pentoxide (c,a) 

Trititanium Pentoxide (c,0) 

Trititanium Pentoxide (e) 

Phosphorus Trioxide, Dimeric (g) 

Tungsten Trioxide, Dimeric (gl 

Tritungsten Octaoxide (g) 

Tungsten Trioxide, Trimeric (g) 

Phosphorus Pentoxide, Dimeric (c) 

Phosphorus Pentoxide, Dimeric (g) 

Tungsten Trioxide, Tetrameric (g) 

Phosphorus (ref. st.) 

Phosphorus (c, Red, V) 

Phosphorus (c, White) 

Phosphorus (e) 

Phosphorus (g) 

Phosphorus Sulfide (gl 

Phosphorus, Diatomic (g) 

Phosphorus, Tetratomic (g) 

Phosphorus Sulfide (c) 

Phosphorus Sulfide (t) 

Phosphorus Sulfide (g) 

Lead (ref. st.) 

Lead (c) 

Lead (e) 

Lead (g) 

Lead, Diatomic (g) 
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filing 
Order_ 

S 

S 

S 

S 

SSi 

S2 

S2 Si 

S2 Si 

S8 

Sr 

Sr 

Sr 

Sr 

Table Title 

Sulfur (ref. st. ) 

Sulfur (c) 

Sulfur (n 

*Sulfur, Honatomic (g) 

"Silicon Honosulfide (g) 

Sulfur, Diatomic (g) 

*Silicon Disulfide (c) 

*Silicon Disulf ide 0) 
Sulfur Octatomic (g) 

Silicon (ref. st.) 

Silicon (c) 

Silicon (Z) 

Silicon, Honatomic (g) 

**Silicon Unipositive Ion (g) 

Silicon, Diatomic (g) 

Silicon, Triatomic (g) 

.. "Strontium (ref. st. ) 

*"Strontium (c) 

* "Strontium (t) 

.. "Strontium (g) 

CHASE ET AL. 

Filing 
OrdeE:.-

Ti 

Ti 

Ti 

Ti 

Ti 
Ti+ 

Zr 

Zr 

Zr 

Zr 

Zr 
Zr+ 

e 

Table Title 

Titanium (ref. st. ) 

Titanium (c,a) 

Titanium (c, ~) 

Titanium (tl 

Titanium, Honatomic (g) 

Titanium Unipositive Ion 

Tungsten (ref. st. ) 

Tungsten (c) 

Tungsten (e) 

Tungsten, Monatomic (g) 

Tungsten Unipositive Ion 

Zirconium (ref. st) 

Zirconium (c,a) 

Zirconium (c ,,:3) 

Zirconium 0) 

Zirconium (g) 

*Zirconium Unipositive Ion 

Electron Gas (ref. st.) 

.. JANAF Thermochemical Tables which are included in this article. 

11'1_. ft_A_ "~I ... 1.1_ " ,n.,.A 

(g) 

(g) 

(g) 



Aluminum Monobromide \ A I 8r) 

( I dea I Gas) GFW - 105.891 

~------glbbsJmo(---_ iual/mol---
T, "K CpO S" -(G~-W"B)rr H"-If'DI AHI" ACr 

0 .000 .000 iNF l"llTE - 2.181 S.S37 5.';37 
.00 7.2210 "'8.028 &4.492 - I.S86 '5.197 1.143 
zoo 8.092 53.923 52.(HO .817 5.5-39 2.210-2 zq. 8.509 ')7.243 57.243 .coe 3.8CG ~. 825 

300 8.S}lo 51.296 57.243 .016 ],.788 5.885 
.00 8.ne 59.775 57.580 .1:178 .CbB 8.311 
500 a.lUb 0&1.131 S8.UI 1.155 .264 - 10.170 

bOO 9.982 oI)].HIt 58.945 2.64( .482 - 12.371 
700 8.927 b4~ 71 7 59.614 :; .530 .123 - 14.33 .. 
.00 8.11161 65.911 bO.360 4.42 '5 .994 - 16.U,Q 
900 8.'198 66.96<;1 b1.0'7'5 5.322 1.301 - 18.1 SO 

lOOO 9.010 67 e 911 61.694 6.222 4.19( - 19.619 

HOC 9.030 68.116 62.300 7.124 It.498 - 21036S 
i20C 9.048 b9.~bl 62.873 8.028 4.8C5 - 22.B8a 
1300 9~O65 10.2a8 63.415 8.934 'S.1l0 - H.362 
1400 9.0aO 7(J.'9bO b3.931 9.641 5.411" - 2':5.a52 
1500 9.095 71.5S7 64.420 lQ.1S0 5.719 - 21.1(1 

1600 9.Hi9 12.174 64.867 1l.Me t.:..022 - 28.131 
1100 9.123 12.727 65.332 1.2.572 ~ .32'<. - 3(' 0141 
1.800 9.136 73.249 b5.1S7 11.4SS 6.625 - 31.533 
1900 9.149 73.743 66.165 1.1,..3'1<;1 b.92b - 32.9(9 
2000 9.162 H.2D 66.556 15.315 1.22t.. - 34.210 

2100 9.115 14.660 66.931 160.231 1.525 - 35.615-
2200 9.188 15.("87 67.292 l1.15C T .824 - 3&.946 
2300 9.201 75.496 61.640 18.N;o'il B.l21 - 3B. UO 
2400 9. HI., 15.88B 67.916 l8.990 tL418 - 39. ';)t:4 
2500 9.221 76.264 b8. ",co }I;i.912 B. 71 '5 - 4C.858 

2600 9.241 76.621 68.613 20.635 '),010 - 42.131 
2700 Q.Z'55 Uh976 6a."H6 21,loC 9~ 10'.). - 43.4(7 
2aOe '9.;210 l1c31Z 6'9.210 22.686 - 19.CC'9 - "'3.834 
2900 9.Z8b 77.638 6'9.495 23.e.l4 - 79.040 - 4? .518 
3000 9.303 77.'953 69.172 2 .... 54./0 - 19.069 - 41.31'1 

3H1O 9.321 18.158 lC.041 Z5.~15 - 79.098 - 4C .G6C 
3200 9.}40 78.5'55 70.30.2 U •• 4Ce 7~.125 - 38.199 
3300 9.3bl 18.842 7C.SO'j1 27.H3 - 1? .151 - "n.S39 
3400 9.385 7'9.122 7e.8el< 2a.2aC - 79.176 - 36.280 
HoC 9.410 79. 39~ 11.046 29.2ZC - 79. (98 - H.OlS 

3600 9.437 'H.Me 71.292 3(1.162 - 79.219 - 33.753 
3700 9.461 19.919 71.'512 :H .107 - 79.238 - 32,"92 
3800 9. sea 60. J 72 71.136 J2 .056 - 79.2'55 - 32.228 
3900 q.53'5 80.419 71.<;156 :n.OOI - 79.268 - 29.961 
4000 q.513 80.661 12.110 33.963 - 19.28r - 28.7(0 

4100 9.615 8C.MB 72.380 34.922 - 19.289 - 27.BB 
4200 q.6~9 61.130 72.566 3".i.68t'J - 79.294 - 26.110 
4300 9.1e6 81.'3'58 72.181 36.854 - 79.296 - 24.9(15 

!- 4400 iiI.1SI 81.562 12.985 31.621 - '9.295 - 23.6,8 
4500 9.B10 BI.8el 730178 

"'II 
38.806 - 19.Z90 - Zl.374 

:r 4bOO 9.661 ElZ.Olf! 13.)68 3".78'1 - 7Q.281 210lCa 

~ 410C 9.<il26 82.231 73.'50;4 40.71<il - 19.210 - 19.848 
4SeC 9~989 82.~40 13.737 "i.l1S - 79.254 - 16.585 

n 4900 10.05'50 82.647 73.911 42.711 - 79.233 - H.B':> 
". 5000 10.123 82.8')1 14.093 43.78& - 19.208 - U •• 054 .. 
:I 5100 10.195 63.0'52 H.267 44.802 - 19.18C - 14.191 

5200 10.269 63.251 74.\38 45.825 19.147 - 13.531 ,. 5300 10.345 8'3.4"7 14.Mb 46.655 - 1'9.111 lZ.205 

~ 
5400 10.42.3 6'3.b41 14.nZ 101.894 - 79.(69 - \l.aC? 
5500 10.504 83.833 74.935 48.94C - 19.C25 9.749 

C 5600 10.587 64.023 15.095 10'1 .9<j1~ - 79.976 S.loes a 5700 10.611 84$211 15.254 51.058 - 76.923 1.231 
ii' 5800 10.7S1 8lt.391 15.41C 52.12<; - 7B.8b7 5.972 - ".i900 10.945 84.os,82 7'li ~"j.b3 53.209 - 7S.607 4.115 

< 6000 10.Q33 84.76'5 75~ n5 54.298 - 18.744 3.462 

~ 
~ Dec. 31, 1961; Sept. 30, 1961.l; June 30, 1972 

Z 
? 
~ -00 
"I .... 

Log Kp 

I NFINI IE 
- 3.BOo:a 

2.450 
4.270 

4 ~ 281 
4.54'9 
4.533 

It. set> 
4.415 
4.442 
4.4fJl 
4.331 

4.245 
~. 168 
4.099 
4.C]f: 
3.918 

3,<)20;" 
).67'5, 
3.629 
3.18'5 
3.145 

3.701 
3.67C 

3.5.42 
3.'514 
3 .... Z1 
3.209 
3.01G 

z.aZ4 
2.6S0 
2.486 
2~H2 
2.HH 

2.[149 
1.91') 
1.191; 
1.b79 
L.568 

I ~1063 
1.362 
1.26<;. 
LotH 
1.067 

10003 
.92) 
.84~ 

.172 
• TeZ 

.6'H 

.56(j 
.50(, 
.44'S 
.381 

.331 

.277 

.225 
.17S 
.126 

ALUMINUM MONOBROMIDE (AlBr) (IDEAL GAS) GfW 106 '91 AI8r 

Ground S'tate Configuration lr· tlIfO 5,51< ~ 3,00 kcuJ./mol 

S298.1;' 57.74 0.0;' gibbs/mol hlIf;98.H '" 3.80 ! 3.00 kCal/Jl'lol 

c. 371,60 cm- 1 

Be 0.1587 cm-1 

Hea t of tornation 

n~ctronic Levels d.nd Quantum __ '1¥_~ 
-1 

Sta_1~ __ ~ ~ 

X1Z" 

23647 
a 3!I 23779 , 

( 23900) [21 

AlIT 35879 

wexc'" 1.323 ern-I 

"e 0.000B56 CIl'-l 
Co 2,29480 A 

Gaydon [~), Singh 

energy of AIB['(g}, Th.e 
(~), .'<osen (Z'>. and Ba.N'oW (E!., JU :-eference possible spec'troscopic va.lues for the dissociation 

state yielded 'three values for the dissociation energy: 106.9 kcal/mol by a short extrapolation, 

a minimum of 104.4 kC41/mol as indicated by the highe st: observed v ibrational level, and a m<1xil1'um of 10;'."} kcal/mol <is determined 

by predissociation which sets in dt \,I' = 4. G<lydon (~) reports a value of 86,5 kcal/mol based on a ground state linear Birge

Sponer I:!xtI'4poldtion (\I, 0-11). rk,wever, substituting the vdlues tabulated above for we and l<.e{,,)e into the equd'tion DO '" 

We'l/4Xe""e-C.5we' <l value of 76.5 kcalfmol is obta.ined for the dissociation energy, A value of 105 kcaJ/rr-01 is suggested by 

Barr>o .... ("§) bdsect on wllvelengths for llldximuro photoionization, 

Semenkovich (1) measured the ¥llpar pressure of the reaction AUt) '"" tiaBr(t) -+- Na(g) + AIBdg) at 1175 K. By the Third Law 

i!\ethod llHI'i9B is 't!qua.l to lOS.GO kcalhl'ol. Using JANAF aU)rilidry data ell, 6Hf29S (AlBr. g) is equal to 3.61 kcallmol and th€ 
dis!:ociation energy. DO' is 100.08 kcal/mol. 

Gross (ll) studied 'the equilibrium involved in the reaction 2Al(t) + AlBr
3

Cg) ... 3A1B,,(g) in the range 550-1300"C, The 

reported rlHr 298 i$ :'06.'27 kcallr:-.ol. Using JANAr auxiliary ddtd (,?J, 6Hf
298 

CAlBr, g) is equal to 4,07 kca.llmol while the 
dissociation energy. D~, is equal to 99,82 kcallmol, 

It should be noted 'that: the highest observed vibratiooel level in the Aln state lies approximately 11 kcal/mol above the 

thermochemical dissociation energy of Semenkovich (1.) and Gross (g). This suggests <l. potentia.l maximum in the Alrr state as 

mentioned by Barrow (~.>, A similar l'rla.:<imu" is suggested for AlfCg) and AIC1(g) (1., ~,.§.), In dddition, Wyse and Gordy (2.), from 

nuclear quadrupole coupling, deduce that the ionic character of the AIBI' bond is ~BH. Thus the value of DO :: 76.5 xcalhnol as 

obtained by a lin~ar Birge-Sponsr ext"r'dpolation is undoubtedly too 1.ow (1), Tr",is grol.lnd state extrapola:tion value was 03.djusted 

to 99.5 }ccal fmol and 102.2 kCilllmol using two ionic char'act:er' co::'rcction factors as suggested by Hildenbrand (§.. !.Q). The fOr'ocr 

v<llue is JI1o:re suitdble for !:le'tal fluorides while the Idttel:' is for the I:IOl"C general c"-tse. A comparison of DO values (~. 1, '!..) 
for the group III!>, gaseous T:'onohalides suggests a value of 96-103 kCdl/mol,wh:ich is consistent with 'the value obtained by 
Semenkovich (1) and Gross (g). 

Due to the high ionic cha.ra.cter in the AIBr bond and the possible unreliability of extrapolations of e)(cited states which 

contain a potential r,-,axilTlum, the spectf'oscopic ddtd is suspect as to the d~tlO'rmina,'tion of .6Hf
298

, The chosen value for 

llHfi98) 3.80 kcal/mol, is a rounded value from the vapor pressure work of Ser.lenkovich (l'). 

Heat: Capad ty and I:ntropy 

The spect::'oscopic constants for AI
79

Br and Al al Br were taken fro1'l1 Wyse and Gol"dy (I<) ",nd averaged according to 't":;,e na.tural 

abundance of bromine. The elec'tronic states are from Rosen (~) with the exception of t~e upper 3 I1 state which is est:illl<1ted 'to be 

approxilllatcly in a linear ~lationship with the two lower 3 rr states. LakshJninarayana dnd Ha:r:-anath (11) also repOf'1:ed values 

for two of the a
3n states which agree within 15 cm-1 wi'th Rosen's vdlues (~), -
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Aluminum Tribromide (AIBr3l 

(Crystal) GFW. 255.7085 

____ gibbs/mol ____ 
/u:aIJmo1 

T,"K CpO S" -(G"-w ... ){r W-Jr,.. dUf' 6GF !.Go Kp 

0 .000 aOon INFIN ITf - 5.238 Hl.S15 - 117.51" IIIIFJNI if 
lOa lob. <j27 20 6 65') 62.5'55 - 4.190 - 111.575 - 117 .545 2'56.895 
200 21.4Q'il l3e'1'M 4S~ 18'5 - 2.2Jo; - lll.Rn - 117 ..... 37 lZ8.HQ ,., 2'hO"O ""3.1"115 43~O15 .OOC - 12Z.1bC - 116.1l~ B5~ '5'!i '3 

100 H.OQI 43.224 103.01'5 .("45 - 122.176 - llb.67§ 85.0",0 
4-(f6' --- -ze:Ho- ----5-(f.-6TA-----.;;4:0~a - --- -- -i:624 --.: -Bl:-S56-------( 12 ~ 6 70-- --- f,-f.-S60 
5;::0 2'i1.61C 57 .. 1Cb 46.C38 ~.'534 - 13t.601 - lOl.ROa 47.1B 

.ce 29.700 6-2.513 4B .. 34b 8.5~O - J30.b2h - 103. J 42 37. '560;: 
700 ZC).720 6l.0n 50.106 11.471 - 129.680 - qe .636 10.796 
.00 ZQ.740 '1 i .062 '!i).OOB 110.444 - lZS.1'68 - 94.764 2,).1S2 
900 2Q.76('1 14.'566 'i'i'.ZI2 17.41q - 127.9C2 - QO.ON 21.8'56 

100':) 29~ 180 17s 10 !i:7~ ]0., 2C.3Q& - 129~bC!I - 85.0'>3 1!!l~ 71 q 

HOO 29.900 80.'542 59.lQZ 23.37'5 - lZfIl.7.t,1 - 81.301 16.1'53 
1200 29.620 83.136 61.113 26~ 30Sb - 127.673 - 11.016 14.028 
1300 2Q.atorJ 85.524 62.q55 lC;.J'3C; - t11. oct> - 72.82'3 12.2") 
1400 29. abC 87.136 M.b47 32.32" - 12b.13q - 68.681 lC.l.B 
1'Si00 29.SAQ 69.197 66.256 35.31l - 1?"i.?73 - 64e616 q.415 

Dec. 31, 19&1; June 30, 1964; June 30, 1967, June 30,1972 

AIBr
3 

ALUMINUM TRIBROMIDE (Al9r,J) (CRYS'fAL) Gtw :: 266.7085 

~HfO "-117.52 0.30 kcalhool 

5;98.15 43.08 0.25 gibbs/mol IiHfisa.1S -122.16 i 0.30 ked/mol 

Tm :: 370.6 0.2)( /JHm~ 2.69.:t O.lO kcal/r.ol 

H~at of Forillation 

Grost, Hayman, and St:uart <.~) measured calorimetrically 'the standard heat of formation of AlBr
3

(c} at: 2S~C by reacting Al 

with liquid bromine in a glass cOl:'lbustion vessel. They T'eport:ed 6Hf
29S

(AIBr
3

, c) :: -122.16 t 0.10 kcal/mol. 

In an earlier work, tley and Wa.tts (I'. in studying heats of solution of AIBr] and its complexes wit:h pyridine, 'trimethyl

amine, and triethylamine in HC1, reported l,P.fi9S(AIBr
3

, c) =-125.6 kcal/mol. Klemm and Tanke (,2) rneasured the heat of solution of 

A1Br 3 (c) ~t O·C ill aqueous HCl. Using; auxilia.ry data, including estitll4'ted heat capacities, Klem:n and Ta.nke (1) report:ed 

6Hf 298 {AIBr3 , c} ::- -121 kcal/rr.o1. Gross, Hayman, and Stua.rt (1) have rc-exa!:lincd ':he data of Kle:ru:t And Tanke (ll and ha .... e 

calcula.ted CHf 29S (AlSI"J' c) :: -122.4 kcal/mol. This latter va.lue wa.s based on the heat of solution measurer:o.ents <'V, on the 

no::at of formation of AIC1 3 {c) [llHfi9S(AIC131 c) :: -166.65 kC41/mol1, and on the heats of forrna:tion difference in chloride a.nd 

bl'omide ions at the proper conCentration. 

The value chosen for the hedt of formation is 'the value reported by Gross, Hayman, and Stuart (l), AHf 29S (AIBI"3' c) 

-122.16 !. 0,30 kC41/mol where the error limit5 have been expanded to include datA of Klemrr . .and Tanke (1). 

Heat Ca?4city and Entrop.i 

The heat ca.p4city of AlB!'3(c) hAS been measured by Webb, Justice, and Prophet (!:!) from. 11.6 to 308.1 K. The enthalpy has 

b~en measlJred by fischer <.~) fro1:l 337 K 'to 367 K. The heat capAcities of AIBr
3

(c) chosen at'e from the former work for 

T.5. 308.1 )( dlld derived from the smoothed enthalpies of the lat"ter ~rk fol' T > 30B.1 K, as discussed in Webb, Justice, a.nd 

Prophet (~). The entropy of the crystal is based on 4 value of Si.2 :: 0.961 gibbs/mol, also as discussed ill Webb et al. '.=:,>. 
Melting Dua 

Fischer <,§) de'termined the :nelting 'temperature (Th.) for AIBr
3
(c). The heat of melting U.P.m") is calculated from the 

enthalpies of AlBt'3{c) and AIBr 3 (t) at: the rr.elting tem.perat'.lre. The enthalpy of the crystal a.t 1m was dl3:terrninad from the 

curve used for the heat: c.:1pacity calculations. The cntha.lpy of the liquid 4t Tm was determined from,," linear least squaI"es 

fit to the enthalpy data for A13l"3{t) reported by Fischer (~), See Webb et: a1. (~) for de'tails. 

~Jerences 
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2. D. 
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4. D. 
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Gross, C. Ha,Yll'.an, and M. C. Stuart, Fulm.er Research Institute, Ltd., Sci. Rep. No.9, Contract F GI052-70~C0021. July 23, 1971. 

D. Eley and H. W,,:tts, J. Chern. Soc. (London)~, 1319 (l95tl). 
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Aluminum Tribromide (AIBr3l 

(Liquid) GFW· 266.7085 

~---olbbsl ... ,----
T,"K CpO S"' -(G~-H"'.,)/T H<>-W_ 

, 
10e 
210 
29' Z9.8bQ 4'1.3'52 49.15~ ~JOO 

Itc.al!mol 
6H" &GI" .... Kp 

- 119.793 - 116~Z17 B'5.1'1C 

~~-~ ----}t~~~- ---;~-:-i-}~ --- -;~:4~~-------i:-~!}---~-H~:{)~- --::- -~i-i~~~~ --" -~t{~-~ 
set 2'9.86<; 6",.79'.i ')2.137 6.0?Q - 12'8.1'39 - FJ8.790 117&5'52 
.-------------- ------------------------------------------------------------
6f)C 79.86'1 70.241 '5'5.2110 q~(l16 - l27.?4) - 1010.695 38.208 
lOC lc;J.8b'? 14.810'5 57.6'9a 12.003 - 126.181 - 101.164 31.'5AI) 
BOO 19.869 78.8)4 60.0<;16 14.'il9C - 11'j.B55 'H.568 16.654 
<":100 29.86'9 82.352 62'.378 17~'977 - 124.911 - '14.065 22.A47 

1000 7.'Q.8bl) 8'5.4"'1 64.535 2C.Cjtf,4 - 126.673 qO.~d4 lq~7B2 

1100 lq.8b"'l R8.34'S M' o 'H2 73.9,}O - l2'j~7ge - 66~9"2 l102H 
1200 2908b9 90.191,10 fB.1091 7b.931 - 124.970; 83.1046 15.l9S 
1100 2'9.86'} eHo33') 10:.311 29~'92lo - l?lo.rt"i3 - 60.025 13.4'3] 
14(10 2'1.8b"J 95.'549 72.0H 32.'Hl - 123.184 - 76.671 1l.9f."J 
1'500 290869 91~61C 13.671 35 .. 8'H - 127 .. 311'1 - 13.36t 10.&9' 

Dec, 31, 1961; June 30, 1964; June 30, 1967; June :30, 1972 

AIBr
3 

ALUNINUM TRI BROMIDE (AlBr J ) (LIQUID) GF'W :: 266,7085 

S298.15 ;: 49.352 gibbs/rr<ol lIHfis8.1S:: -119,793 kCdllmol 

Trn 370.6 0.2 K lIHm- 1.69!: D.2D kcal/ll'ol 

Th" 527.0 .!: 0.5 K b.Hv· 5.88 0.20 kcal/mol 

Th 527.6 0,5 K (to dimer gas) lll!v· .69 0.20 kcal/l!lOl (to dimer gd.s) 

He<l."t of for'!ftdtion 

The heat of forwation C.'lHf;9S) of AIBr 3 (t) is CAlculated from ll.Hfi9S{A1Bl:"'3' c) plus the heat of melting (1I.!-h.) 

itnd the enthalpy differences (H370.6-H29S) of the cryst:a.l and liquid. 

Hell t Cdpaci ty <:Ind !:ntropv 

fischer (1) has I:Icasured the enthdlpy of A1Br 3 't) from 374 K to !.j06 K. The heat capacity used is derived from <:I 

linear least squares fit to his data. The resulting constant value for the heat capdcity is ddopted for tcmpcNtures 

above 400 K. Thtl entropy (Si9s) of A1Br 3 't) was determined in a manner analogous to that for the heat of formation. 

~lel ting Data 

See A18r
3

(c) table for details, 

Vaporization D4t4 

See A1 2 B!'SCg) table for details. 

References 

1. W, fischer, Z. Morg. Chero. 200, 332 (1931), 
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Aluminum Tribromide (A I Br
3

) 

( I dea I Gas) GF"I'/ . 265.7085 

____ ltIbbs/mol c-----kat/mol 
T."\{ CpD ;" -(G~-H":III.)rr H"-W_ ~II!" OCr" 

0 .000 .000 INF IN lYE - .... 302 - 92.62C - 92.620 
100 13.61314- 65.994 98.402 ;.24l - 92.b6b - 97.170 
'00 16.619 76.4 c,n 8'5.0100 - 1.70Q - 9l.333 - H'I.448 ,.. 18.026- 83.lt29 83 ..... 29 .oeo - 98. zeo - 104.16" 

'00 19.041; a].Sl,1 83.429 .033 - 98.227 - 104.82'5 
.00 16.7"1 68.838 84.141 1.877 - 109.3"3 - 104,745 
500 19.U4 93.C64t 85.522 3.771 - I(l9.4C4 - 103.5'70 

bOO 19.331 96.570 57 .080 5.6'110 - lO9.lt12 - 102.421 
'.0 19.468 99.561 8S.654 1.&)5 - 109.'556 - 101.240 
.00 19.'jSCj 102.161 9().18 .... 9.5136 - 1119.665 - 10C.045 
900 19.62:3 104.474 91.646 11.546 - 109.815 - 98.834 

1000 19.669 106.5 .. 5 'H.034 13.'510 - 1I.2.533 - 97.420 

HOO 19.704 108."21 94.349 L5.<II79 - 112.676 - <:J5.9(,3 
1200 19.730 110.137 '115.594 11.451 - 1l2.Bi8 - 94.312 
1300 1.9.751 Hl.H7 '116.114 19.425 - 112.960 92.927 
1400 19.161 111.181 '111.895 21.401 - 113.102 - <11.2:13 
1500 19.781. 114.'545 98.9&0 23.378 - 1l3.245 - 89.711 

1600 19".192 11'5.822 QQ.9111J 25.351 - 113.38'9 - a&.136 
1700 19.801. 117.022 lce.942 21.337 - 113.'533 - 86.553 
1800 19.808 118.1'54 101.867 29.H1 - 113.671 - 64.963 
1900 19.815 11 <J.22'5 102.1S3 31.29B - 113.623 - 83.361 
2000 19.820 120.2<102 103.602 B.28e - 113.972 81.7'H 

2100 19.825 121.209 1.04.418 35.262 - 114.119 - 80.1<104 
2200 1'1.829 122.131 le5.202 37.24'5 - 114.210 - 78.523 
2300 19.833 123.013 10'5.9')7 39.228 - lllo.420 - 76.8'11 
21000 lQ.8}6 123.8S7 LOt..6S6 41.211 - 114-.'513 - 7S.255 
2500 19.839 124.667 101.389 43.195 - H4.726 - n.olb 

260(1 19.841 125.445 108.068 .. 5.179 - 11'("881 - 71.967 
2100 19.843 126.191t 108.726 41.163 - 11 'i.0)8 - 70.311 
2800 19.841'5> 126.916 109.363 It9.148 - 184.607 - 61.82b 
2900 19.8417 121.612 109.980 51.132 - 184.~C" 63.6'58 
3000 19.849 128.26S 110.$19 53.111 - 184.402 - 59.492 

3LOO 19.85C 128.936 111.161 55.102 - 184.303 - 55.326 
3200 19.8H 129.566 111.126 57.087 - 184.2C4 '>1.168 
HOC 19.853 lJO.iH lll.l16 59.072 - lS4.10B - It7.015 
3400 19.85'+ 13C.110 112.611 61.0'58 - lS~.OI2 - 42.865 
3~OO 1.9.855 131.H5 In.333 63.00\03 - 183.919 - 38.113 

'bO. 19.856 131.90'+ i 13. 841 b5.02Q - 183.828 - 34.564 
3700 \9.657 132."49 114.336 61.0110 - 163.137 - 30 .... 21 
)800 1'9.851 132.918 Il .... 820 69.COO - 163.649 It..278 
3900 19.858 13).-49'" 115.292 10.966 - UB.SIb3 - 22.133 
0\000 l'9.859 133.997 1115.7'54 72.972 - 163.,,19 - 18.002 

4100 19.859 lH.4S1 116.20'5 110.<;158 - lS).3<H - D.8bS 
410Q 19.860 l)4·.966 1 !l!.646 76.'H~ - 1093.317 9. i"J1 
<IIt}OQ 19. SbC 135."'33 117.011 78.9]0 - 183.240 5.598 
"''''''00 19.861 135.889 tll.5eQ 80.916 - 183.164 1.46"\ 
4'500 19.661 136.3)6 1.17.913 6Z.90.2 - 183.C.92 2.662 

... 600 19.862 136.112 118. :ns S4.8sa - 183.022 6.7CJl 
HOC 19.862 137 .200 118.716 86.87'" - 182.955 10.91'5 
4800 19.863 137.618 119.105 aa.86C - 182.8';13 15.0'34 
lt90Q 1'9.663 138.021 119.487 90.847 - 182.8ll l'9.i6'5 
5000 19.663 136.4Z9 119.862 92.833 - 182.715 23.las 

'HOO 1<;1.864 138.822 120.230 94~81 ,. - 182.723 27.4()3 
~200 19.86"\ 1H.208 120.591 9&.806 - 18l.6N 31.521 
5300 t9.864 139.586 12t.'H6 QS.192 - 162.630 35.t.4) 
5400 19.865 09.957 121.295 100.779 - 162.'590 39.15'1 
'5'500 19.865 140.322 lZl.631 10Z.765 - 182: ,556 43.B78 

'5600 19.865 l40.bao 121."iIH 10'11.7'52 - 182.527 47.<;19') 
5700 19.865 lloL.031 112.305 106.735 - 182.503 '52: ~ lIO 
580() )9.866 Hlo317 Il2.631 10S.72!; - 182.",85 56.229 
"5900 19.8i)b 141.716 lZ2~952 110.711 - 182.41<\ 60.344 
6000 19.866 l"z.ose 123.261 112. b9B - IB2.47C 64 .. 453 

Dec. 31, 1961j June 30, 1961j.; June 30, 1967; June JO, 1972 

Loc Kp 

INF {NilE 
2l2~ 36S 
110.8'.i7 

Ulo909 

Hh365 
57.230 
"'5.279 

31.3e7 
3l.6C9 
27.3H 
ZIt.oeo 
21.291 

1 '1.05 .. 
l7.lIH 
15.606 
H.248 
13~on 

12.039 
11.127 
le.31b 

'1.'589 
a.q14 

8.3"1 
7.aOI 
7.3C6 
6.B'S} 
6.436 

6.0-.9 
5.692 
5.29" 
".797 
It.3H 

3.901 
3.49'i 
].114 
2.155 
2.417 

2.098 
1.1'91 
t.5ii 
1.240 

.<iSio 

.139 
• 506 
.285 
.on 

- .129 

- .323 
- • sea 
- .665 
- .6'55 
- I.ela 

- l.lH 
- 1.325 
- t.'HQ 
- 1.60"il 
- 1.H4 

- 1.873 
- 1.998 
- l.ll'1 
- 2.2)5 
- Z.3ltS 

AIBr
3 

ALUMINUM TRIBROMIDE (PoUr) (IDE.AL GAS) GN:: 266.7085 

Point Grol.4p D3h tlHf'; :: -92.6 !:; 0.4 Kcal/l:lol 

S;98.15 83.43:. 0.30 gibbs/mol uHfi9a .15 ::: -98.2 0.4 kcal/mol 

Ground State QUd:1tum Weight 

II iora tional freguenc ies and Degenerac ie s 

-1 
~ 

228 (ll 

162 (1) 

504 (2) 

93 (2) 

Bond Distance: AI-Br::: (2,27 ~ 0.101 

Bond Angle: or-AI-Bt':: 120· 

Produc't of the Moments of Inertia: IAIB1C:: [2,157 x 10-111 ) g3 cmG 

Heat of formation 

Fischer, Rahlfs, and Benze (1) r.ave determined the equilibril.JJ\ constants for the reaction A1 28r 6 {g) '" 2A13r 3 (g} 

from vapor density medSl.:rements. The he.!.ts of rll!'action are calcula:tecl from these data using both Second LdW dnd Third 

La .... methods, The results of the calculations are <l.S follows, where the OHf 298 v<l.lue is based on the Thl-rd l..d.w value 

of M-!r;98 and nHf29S(AIZBr61 g) ':: -224.0 kcal/mol. 

Range Number IlHl'298 • kcal/mo1 drift uHfi9S(AlBr31 g) 

~ of Points Second I..aw Third Law eu ~l 

613-845 29, S :. 1.0 27.70 -2.5:!::1.3 -913. 2 

605-85~ 2'3. 3 .!: 0.5 27.65 -2, hO. 7 -98.2 

The <l;dopted valul:! for the heat of formation is cHf;gS(A1Br J • g) ::- -SS.2:!: 2.0 kCd1/:nol. 

Heat Cap-aci ty and Entropy 

Bea.ttie a.nd Harder (1) studied. tho:: gas phas~ spectra of monomeric A1Br
3

. The resu.lts are consistent with a 

pldndr structure of D3h symmetry with WI :: 228 (polarized) and 004 :: 93 cm-1 The wedk antisyr:t:netric stretChing 

:node 1I.l3 was tentatively assigned 45 W3 :: 350 

Shirk (~) in examining the infrared spectrum. of the monomeric AlBr3 , isolated in solid argon, reported 00 2 :: 162 cm-
l 

and w3 ::: 504 cm-1 • No band was observed in the Vicinity of 228 cm-l , which lends further support to a D3h syt:\ITletry for 

pl.5.ndr A1Br 3 (g). "'1 should be only Raman active for D3h symmetry, 

The adopted v.s.lues for w
l 

dnd '-'Iij are tdl<en from Bea'ttie and Harder (1) while 1>12 And w3 are from ShirK (~). The 

.'\1-:9 ... bond dist'ance WdS estimated by Hei.5t' .and W!:!) l.ind (~J .... n1 is consistent with the trend of experimentally known 

bond clistar:.ces in Alf
3
(gl, AIC1 3 Cgl, and A11 3 (g) {.?,). 

~~Jerences 
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5. JANAf Thermochemical Tables: Alf
3

(g), 5-30-70; AIC1 3 (gl, 6-30-70j AlIJ(g}, 5-30-614. 
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Aluminum Dichloride ( A I C 12 ) 

Udeal Gas) GFW - 97.8875 

~~~-glbbslmo\~~~~ ~----kCilI/DlOI 
T, OK Cpo S" -(Go-H°z:tlll){f HO-H"no dHf 

.000 .000 INFINiTE - 3.:')41 - 68.1'59 -
loa '151<;10 56.911 7>:;.1108 - 2.219 - 6S~ 732 -
zoo 11.)95 bitt eO 7'5 69 .. 97'5 - l.UW - 68.6602 

2.' 12. 'i09 6B.abC t:B.860 .ncc - 69 .. 000 -

]00 12.523 68 .. 938 69.961 .O2:~ - 69.003 
400 13.061 72.623 609.359 1.30'5 69 .. 1'.10 -
500 n.)4) 7'5 .. '511 7e.'l11 2.627 - 6'1.:'112 -
bee H.501 18.Cl'1 71.402 3.970 - M.,,<n -
700 ll.610 80 .. 110 72.'500 S.326 - 6'.1.704 -
800 13.678 el~'n2 n.568 6.1b91 - 6<9 .. '142 -
qOe 13 .. 126 83. ,}46 1'0.58"1 8.061 - 10.71'4 -

1000 13.760 8<\.9Q,. 15.556 9.43t;, - n.076 -

iI 00 13.766 66.301 n.476 10.813 - n.3~~ -
1201) 13 080'5 81.!lQ7 11~ 34& 12.(93 - 1'3.614 
DOO n .. a21 880613 7Bol11 13.51't - 73.913 
1'>0') 13 0aB e~.b31 1".954 14.')57 - 14.I·H 
1500 13.8,103 90.'592 79.MIS 16.341 - 74.474 -
1600 13.851 ql. '>86 RO.lf07 17.725 14~ 751 -
1101) 13.8'59 92.326 81.084 19.111 7'5~ 039 -
180e 13.865 'H. 118 81.7H 2('>.1097 - lOS.32l -
190a B.SH 91.a68 82.3')0 21.88't 1').606 -
lOOO 13.B77 94.')7"1 62 .. 944 23.211 - 7'5~ A"n 

2\00 130 88~ 9'5.251 83.'514 24.65'1 - 7th 17q -
2200 13.8flQ 95.'103 640063 26.045 - 76.467 -
2300') 13.8<;6 <16.520 84.591 27.1037 - 76.7'5S -
2100D 1).,90"'" 91 .. 11.7 85.100 28.8n 77.04'5 -
,noo 13.91Z 97.619 8'i.SqZ 30.21 e - 71.337 -

2600 13091Z 980Z25 A6 .. 068 'H~6lC - 17.62'1 -
2700 13.'932 qB.7'it 86.')28 J3~OO2 - 11.9Z4 -
l8CO 13. 941ft <;Cl. zc;e 86.971 34~3~6 .. lU.63C -
2900 1l0'156 '99.7'+7 87.406 35~ 791 147.665 
3000 13~ 970 100.221 61.825 37.187 141.702 

3100 13 0'98'S 100 .679 eB.23Z 3 8~ ~ 8S - 147.740 -
17.00 14, .. 001 101.}23 88.628 3'9~9B" 141.780 -
1300 1".019 101.554 e9.011 41 ~ 38S 141.B21 -
'HOD 14.031 lOl.9n 8'9 .. 3e8 42~ 78 8 - 1107.863 -
3500 1".056 102 .. 380 99.754 1t4.l91 - 147.9(-b 

).600 14 ~07'5 IOZ .. 717 QC .. 110 4'5.50:;1<; - 1"7~q51 -
HOC 14 .. 0'1/,1 t03 .. 16l 90 .. 4'58 47.008 - 1101.996 -
)aoo 1" .. 111 103.5)9 qQ .. 791 4 B~41 e - 14S. C41 -
)900 14 .. U,<I 101 .. 906 <HolZa 4'1.831 - lloS~ CA~ -
4000 14 .. Ibl 10".ZM 91.4'52 Sl.7.46 - 1108 ~ ne -

4100 14.UJ) iO".611o 9i .76Q ')2.663 - 14S~ 186 -
~ 4200 lo1e.20t t04.95& 92.019 ')4. 08 ~ - 14Re7.H -

4300 14~2 2: 6 105.Z91) 92.3e2 '5'5.50'5 - 148~ 263 -... 440') l4.Z'H lO5e61B <12 0670:;1 <;6.'H'9 148~B2 -
".. 4')00 14hZ74 I05.9n 92.971 ':'i 8~ 3S!I 148.383 -

~ 10600 14.297 106 ~25Z <)].2.,b '59.783 - 148.432 

n fo70e 14~ 31 q 106.'560 93.536 61.214 - 146.4B3 -
".. 4800 [4 eJ4.Z to6.66;> 9J.810 62.610 -; 1" ~~ '534 -.. 4900 14. JM lO1.15A qlo.ORO 6 ..... 1)1\] - 148.'>64 

EI ')100 14.J8'5 (0)7.41,8 94.3410 6'5~ ')20 - l48.636 -

'" 
'51011 14.401 101.733 94.b04 66.960 - 146.6S1 -
520e l4.oIe21 10B.Cn '1'0.8".19 68.401 - 146.741 -

~ 5JOO 14.448 108.288 95.1 to 6<;.S4'5 - 148.796 -
SIoOO 14.461 lfJ8.S'.iB 9'5 .. 3')6 11 ~2'H - 148.6'51 -

C <;500 14.4B7 toS.824 <;'5.599 1Z~nS - l48.'HO -
III 

"! 560C 14.')0') lJ9.08'5 9'5.837 74~l86 - 146 .. qlJ.q 

5700 t4.523 IOq.34Z q6~ C 72 7Seb39 - 1't9«03t 

< 
5800 14.S4l lOge5Q5 (It ... 303 77 .O'ilJ - 14q~OCjl5 

5Qoe 14.551 lCq. B43 96 .. 'SJO 18e5lt8 - 149c16) 

~ 6000 l"~513 nO.CIlB 96~ 7~4 se.oo<\ - 1't'Q«23'5 

.!" 
June 30, 1961 j Sept. JO, 1964; June 30, 1972' 

Z 
!=' 

!'3 

<0 .... 
"'" 

dGf Log Kp 

68.759 l~F IN lYE 
69.749 152 ~":\b 
10.'1'31 17.2<;2 
71.624 ':>2.'502 

fl.641 "2.1'10 
1] .498 )<).611 
B.Ht. 32.041 

?to .101 26.9'91 
74.8'52 23.]70 
75.~n2 20.645 
16.2'59 18.518 
16.7'10 ! 6. 16q 

17 .082 1 ')~ 31'5 
17.IoOq 14 .. Oga 
71.712 130 065 
71.9'n (2.115 
78.2'56 11.402 

78.499 l!)~nZ 

7A.1ZZ lC.110 
16.Q3l 9.584 
19.123 9.101 
7Cf.3C2 8.666 

19.467 8.210 
7'9.617 70Q09 
19.750 7.578 
19.874 ToZ74 
79.98e .ft. <;9) 

BO.M7 b.nZ 
eO.178 6.1090 
79 .424 60lQCJ 
16~9qO 'S~ 802 
H~'552 5.1031 

72~ 112 OS.OBlo 
69.612 "'.759 
61.229 4.452 
64.7ae 4.165 
62.346 ] .. 8<;] 

59.691 3~ 636 
57.451 3 .. 3"'''' 
')'5 .. ')('Ib 30164 
'52.553 2.Q45 
')0.105 Z0138 

47.651 2.540 
4S .203 2 .. 352 
42.7'50 2.173 
4('.289 2 .. 001 
11.837 1.,839 

35.378 t .. 681 
32 ~q24 i.53l 
30~4bf:. 1.387 
21~99S 1.249 
2.0;.541 1.116 

23.075 .. 989 
20.613 .8b6 
18~ 151 .148 
1'5,,683 .6)5 
13 ~219 .525 

10 .. 750 ~ 420 
a ~2e6 .31B 
5~ 811 ~ 21 q 
3.H2 .il4 

.8(>8 .0)2 

ALUKINUM DICHLORIDE (A1C1
2

) (JOrAL GAS) Gf"W :: 97.6975 AICI 2 
PoinT Group [e 2 ..... ] iJHfO [-68.8 .0] kcal/mo1 

5 2913 It> (68.86 0.(0) gibbS/'rI.cl ilHf 298 .
1

:, [-69.0!: 5.0J kcal/mol 

Bond Dis'tance; AI-Cl [2.10] A 

Bond Angle: Cl-Al-Cl;. [1 '}O 1 0 

Electronic Levels and Quantum Wi:lights 

Stdte ~ g i 

'A, 
lS. t 15000J 

V ibr<l. t iona1 rre9....~~_I!~_~g_~ __ ~!'~q __ ~generacie s 

-1 
~ 

[400] (1) 

(2lS] (1) 

(490] (l) 

Product of Moments of Inertia. = (5.8067 l( 10-11l/.] g3 cm 6 

Heat of Formation 

o :: 2 

ra.rber and Ha.rris (!.) ident'ified AIC1
2 

in a.n effusion-1l\dss spec'trome'tric s'tudy of the reaction between A1Cl
3

(g) and ,.01.10), 

meas'.J.rement's wer~ performed over' the tempera.ture range 1150-1l/.JO K. Intensity dat.1! for Alel(g), AIC1
2

(g), a.nd AlCl
3

(g) were 

mCasl..n'ed at 3 eV above threshold and led to i:lquiliDrium dati! for' the r'eaction AIC1(g) t AIC1
3

{g) :: 2AICl
2
'g). rrom a third la.w 

cl.rlalysis we obtain llHr 298 :: 9.9 .t 9.0 kcal/mo1 with do drift of 3'1.5 :t 9.6 eu. The second law tEr v41uc is -35.7 xcal/mol. The 

'third law value It!acls to iIHfi9S(AIC1.2, g) :: ·-71.1 .t 5.0 KC.11/mo1 when used in conjunction with he,1.ts of formation <'E.J for 

AICl(g) and AIC1
3
{g). 

The only other reported data for' AIC1 2 involves do transpirat'ion study of t:he AIClJ/Al re<lction in the ternpt!ra'turi:l range 

800-1000 K by Cha.i et: al. (ll. Measurements were m.sde of 'the AlC1
3 

dnd Al weight losses at various argon flow ra'tes. foul:' 

simult:.sneOlJ5 equilibria involving the product: vapor species AICI, AICI
3

• Al
2

C1 6j AIC1
2

, a.ncl Al:zCl 14 W'ere .1ssumed to exist. 

Equilibrium amounts of Alel(g), AIC1 3 eg), a.nd Al:2C1S(g) were assumed to be those predicted by 4 previous effusion study (::L 

Dis'tl"ibution of t:he remainder of the Al weigh't loss between A1Cl
2 

and A1
2

Cl 4 was done by adjusting AHf of AIC1
2 

to give 1 inear: 

log K vs. liT plot's for 2AlCl 3 (g) + AlCc, l) ;:' 3AIC1
2

{g) dnd lJAIC1
3

(g) .. 2AUc, 0 :: 3AI:cC14{g). This study resulted in tlHfi9B 

(AICl:z, gl :: -66 .! 3 kcal/mol. 

The la,l'ge discrepancy in the second and third law oHr values from the I8quilibrium data of farber and Harris c,!) suggest 

pOSsible 'temperdture dep,",ndent er!'ors in these measurements. Also) wo: believe the assumed equilibria in the complex AIC1
3

/Al 

system by Chai e't a1. (.:!) may bt! signlfic,lntly in eITor. We choose to adop't at this time M!fi9S(AIC1
1

• g) = -69.0 ~ :'.0 kcallmol, 

since 'this value leuds to a r'ealistic progression in tht! stt!pwise bond dis50cia'tion energies for Alel, AICl?, and A1C1
3

, from 

JANAf hedts of formdtion (~l, we obtain D1(AICl) :: 119.2, D
2

(AICI-CU ;: 85.6, and D
J

eAlC1
2

-CU :: 99.6 kCdl/mol at 298 K. This 

scheme, Dl > D'} < D3 , is consis'tcnt with thdt es"tablished for the bond dissociation energi~s of Bfx d.:vj, A1Fx by Hildenbrand (~.> 

and Eel x by Sriv45tava dnd farber (~). 

Hedt Capa.city und Entropy 

The rt:olecular structure is assumed to be bent by predictions from "the corrcla'tion diagram of W')lsh (:U for AB2 molecules with 

s,,"vento:en valence eleC!TOns. The elec'trollic st.ttes, levels, dnd Dond angle d"e estimated by COmpdI"~SOn with those for the 

isoelec'tronic molecule NO~ (S). The AI-Cl bond l~ngth is dssumtld to lie betl<:een that: for AICI and AICl) (2). The individ\lal 

momel'.ts of iner'tia are IAl::;, ~2.467 Jot 10- 39 , IIl:: 39.957 x 10- 3 9, and IC ':: 3.5099]( 10-39 gem' -

The vibr'il.'tional fr'equ~ncies are cdlcula'ted fr'orn forctl constants by the Vd.] ence force method (!!.), The force constants are 

estimated from 'those for SiC1 2 , SiF?, .tnd AU 2 (1). 
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Aluminum Dichloride Unipositive Ion 

( I dea I Gas) GFW 2 97.8869 

,--------Klbbs/mol---_ kcal/mol 
T, 'K CpO S" -(GO-HC.8)tr W-HO .. AUF 

0 
100 
zoo 
lO. 13.460 65.246 65.24b .000 94 ~ 2((: 

,00 H.U3 65.330 6'5.24tl .. 02'5 ')".2C6 
400 13.998 69.285 65.182 I .. ~O( 94.6S2 
5<0 1111.289 '72 .... 413 66.809 2.611 "15.081 

600 U.O\6Z 75.065 67.1',173 ii .. <55 95.1088 ,c. 14.512 n.303 6'i1.1'50 5.1'07 9'5.613 
.0. 14,.641 79.254 lC.2Q4 1.168 96.225 
900 14.6'i1'il 80.91lZ 71.387 6.6.)6 96.541 

lOGO 1ft. 136 aZ.533 72.0\<'5 ie.lOB 94.283 

HOO H.165 83.939 ]3.409 11.'583 91,..599 
1200 14.181 85.22:5 7I< •• 34l 13.06C 94.913 
1300 14.804 8b.it09 75.224 14.540 95.230 
1400 Ilt e lH7 81.507 16.063 16.02L 95.545 
1500 14.828 ea.529 76.860 11.503 95.85',1 

1600 14.837 89.'\81 17.620 18.~81 96.172 
HOO 14.845 "'0.lS6 18.,.,5 20.~71 9&.465 
1800 14 .. 8'51 ~l.Z35 1<;1.037 21.'\1'55 "'b.l'n 
1900 14.8'50 n.038 79.7el 23.~~1 97.1C'":I 
200'0 14.86l QZ.800 1300337 24.'927 97.4l8 

2100 l'\.8b5 9).5ZS eC.946 2&.4ll 91.726 
2200 14.868 9t".;n1 81.535 27.90<: 98.GH 
2300 14.811 '14.818 8Z.101 Z9.387 98.He 
2400 14.814 "'S.SH 62.641 3C.1914 96.644 
25GO 14.876 "'6.118 83.114 32.361 98.945 

2600 llt.81S '16.1C2 83.683 33.80\9 <}'~. 21t~ 

2700 14.880 '17a263 6~.115 H.3)1 99.543 
2aCQ 14. S82 ql~ 8C~ SIo c 653 ]6.825 )C ~425 
2900 14.S8) "8.327 85.115 3E!.:H4 30.964 
3000 llt~ 885 '18.831 85.S64 39.802 H ~'j36 

HOG J 4~ 886 99.ll9 86.CCO Io1d9C 32.084 
3200 14~ 681 qq.192 !H>a("Z:!I 42.719 32.631 
3300 1"0.888 10C.2'5C S6.830 1t4.268 HolH 
3400 14~ 589 100 .6'15 81.231 45.7'31 n.716 
3500 14.IPfO 101.126 87.627 41 ~246 34.254 

360Q 14.8<;10 101.546 8S.008 48.735 )4.788 
3100 14.891 101.954 88.160 50.224 ]5. HI': 
38CQ 14.892 102.351 as.742 'H.l1) 35.849 
3900 11o.a<;l2 102.73e 89.096 53.202 3b.316 
4000 lfh893 103.115 89.442 54.691 36.69T 

4100 14~694 10 3 .~1J2 89.780 560181 H."19 
10200 10\. 8~4 103.841 'ilC.ltO 5 7 ~b 1 C 37 .937 
.300 1it.894 104.192 <;IC.43Af 59.15<; 38.452 
HOC 1".895 10io.53Af 9C.150 bO.M9 )8.966 
4-500 14.895 lOAf~ SbC,) 91.060 6l.n8 19.1074 

.,600 14.896 105.196 91.364 b3.628 39.984 
HOO J"o.896 105.517 91.062 b5~ 118 100.48'" 
4800 14.896 105.830 91,954 bb.601 AfO.991 
4'i100 14.691 106.131 92.2 .. 0 68.097 AfI.492 
5000 14.8~7 106.,*18 92.52l 69~ 586 41.968 

HOO H.697 lO6.7H 9Z.797 11.016 42.484 
5200 1,'*.897 101.023 93.0bS 12.566 42:.976 
'HOO 14.6'96 107.306 9:3.:n4 14.05l: 43.464 
5400' 14.696 107. ~85 93.595 75.545 43.949 
5500 lr..8~B 10T.85S <;13.652 17. C35 44~429 

5600 14.698 106~ 121 94.104 1'8~525 44.907 
5700 l"o~ 898 lC8~ 390 94~353 S04QUi 45.381 
'>800 14.89q 108.650 94.591 51.505 %5.6'50 
5900 1"0. 5~o; IC8.9C4 91ft.S37 1j2~q,,*5 46.314 
6000 t .... 899 109.155 '15.0"'" S4~484 106.111 

June 30, 1968; June 30, 1972 

(A Ie 12 .) 

&GI" Log Kp 

91.16& - M.8Z6 

'illolit6 - 66 ... 00 
9<.'.059 - 49.206 
85.862 - 36~841 

87.579 - )1.'901 
86.~30 - Z6~922 
84.1i27 - 23.11'4 
83.)83 - 20.248 
82.089 - 17 .941 

80.6510 - U,.C6it 
19.'589 - 11.0.49'5 
16.3eO - L3.163 
76,',167 - 12.018 
15.650 - 11.022 

H.l1j2 - 10.148 
12.nb - 9.314 
71.521 - 8.68'!\' 
rOde9 - 8.064 
68.679 - 7. '505 

67 •• n2 - 6.9'H 
65.713 - 6.')34 
64.3C4 - 6.11C 
62.617 - 5.720 
61.316 - 5.360 

59.8(''') - 5.021 
'58.2S1 - "'.HS 
57.SeC - 4.4<;l4 
58.')]7 4. 
59.419 - .. 
6C'.4C1 - ".258 
61.3C6 4.181 
b2dg,,) - 4. Uq 
6~. 065 - 4.054 
63.918 - 3.991 

64.762 - 3.932 
65.586 - 3.874 
66.395- - 3.81'1 
67.196 - 3.166 
61.971 - 3eB4 

bS.lloo; - ).664 
69~ 5e·" - 3.611 
70.HCJ - 3.570 
70~ 98CJ - 3.'J26 
n~7CS - 3.It8Z 

72.".\6 - 3,"41 
13.114 - 3.1000 
n.8el - 3.360 
74.U8 - 3.322 
75.151 - 3.285 

75.8H - .3e149 
76.401 - l.ll'" 
77.096 - 3.179 
11.130 - 3.146 
78.3~q - 3.113 

78 ~ 962 - 3.082 
79.S6l - 3.051 
80.}63 - 3.021 
IJC.7~9 - 2.991 
81.329 - 2.962 

ALUMIh'UM DICHLORIDE UNIPQSITIVE ION (A1C1
2 

") (1DEAL GAS) 

Point Group ( Doott ] 

S298.15 ':: [65.2 2.0] gibbs/mol 

Ground State QuantUlT, Weight: ., [ 1) 

Vibr.!!.tiona1 FI'equencies and Degeneracies 

Bond Dist,mce: Al-Cl:: {2.13) A 

Bond Angle: CI-AI-Cl ':: [ 1801-

Rotational Consta.nt: BO" (0,0521<1 cm- l 

He&t of forllldt.ion 

-1 
~--

t 350] (1) 

[ 100 J (21 

[600] (1) 

AICI 2 
+ 

GN:: 97.8869 

lI!U; :: [ 91.6 28] kCd.1/mol 

llHf29S.1S :; (9.4.2 Z8] kCA1/mol 

PorteI' .wd Zeller (.:!:) reported. an appearance potenti~l CAP) for the positive ion fragment A1Cl;(g) from A1C1
3
(g) as 13.4 

C,S e'l (309 :!: 12 kcal/mol), This value has been confirmed by Potter (2) who reported AP :: 13,4 ! 0.7 eV. From "the reac-cior:; 

AIC1 3 {g) t e- :: AIC1 2 +(g) ... Cl{g) t 2e-, we obtain t.HfOCA1Cl
2 

+, g) :: 1~1.2 .!: 17 kcd/mol by combining the <\bove result with 

JANAF heats of formation ',2) fo::, AIC1 3 (g) and. Cl(g), The corresponding ioniz;&tion potential (IP) for AICl
2 

is calculated to 

be 9,1. ell, We consider this value as an upper limit to the true value, since dissociative ionization of AJ.Cl,(g) ilia), have 

involved excess kine·~ic energy '",ithin the fragments. However, we note -Chdt recently farber' a.nd Harris (::.) re;orted an 4ppeaNnce 

poten'tial fat:' AIC1 2 +(g) d.S 12 t 1 eV; t.hey indicated that AICl.Z(g) was the pdC"ent molecule. The study involved a !:lass spec_ 

'trometric investigation of the species effusing from <l heated alum:i.na Knudsen cell containing AICIJ(g) and A1.et}, Or: the basis 

of absolute ffidgnitude, we believe 'this result drises from form<l.tiol1 of .4.1C1
2 

4(g} by dissocidltivt!' ionization of A1Cl/g}, l'4ther 

t:hdn by dit'ect ionization of AlC1 2 {g). Assuming -chI::! reaction to be that given above, we obtain ~HfO(AICI2"" g) :: 10B.9 .t 25 

kCdl/mol, or an IP = 7.7 eV. 

A compdrison of The ionization potentials for BX
n

, CX
n

, and MaXn eX ~ r or Cl) indicates that: the chloride is in general 

-~0.5 eV per &tom l~ss than tht: fluoride. On this basis we estimate an ionization potential for AlCl;2(g) of 6,5 eV froo IP ~ B eV 

(1) for AIF 2 (g). 8eckett ./lnd Cassidy (,?,) selected an IP '" 8.0 ! 1.0 cV fo!' AlCl
2
(g). We choose to adopt t? : 7.0 .!: 1+.0 eV 

(161.43 XC'll/mol) for AIC1 2 as being C"cpt"'(!sen-cl'ltive of the most probable N.nge of values 1 iJnd we calculate IlHfO'{AIC1
2 

• g) :: 

92.6 ! 28 kcal!mol from llHfOCA1Cl Z ' g) ., -68.8 ! :. kcal/mol (l). 

Hea t Capaci ty drld I:!1_~~e:i 

AICI Z '!- is isoelectronic wit:h HgCl z dnd CO
2

; we therefOr-€ assume it to be linedr. -fhil> dssuJ:lption is in agreement with 

Pre dic1:ians froll', the cOl"!'elatiO:l diagram of Wa.lsh (.§.) for AB
Z 

molecules with sixteen valeno::e t:lectron5. By analogy with CO
2 

<1.> 
low lying ele.ct't'Onic levelS .are expected. The Al-Cl bond length is ta.Ken equ<l.l t:o that' for AIC1(g}. The moment of inel"'ti.!. 

is equal to 53, .. 151 x 10- 39 g cm2 • 

The asymmetric st:retching frequency (\)3) is calculated from an estimated force constant by the va1ence force method (2.). 

The stretching for-:::e constant is eS1:imat:ed by comparison with that far MgC1
2 

(1) and CO
2 

(Z). The symmetric stI'et:~hing frequency 

(VI' i3 estimated from that fer Hg,C1 2 (}.l. The doubly dcgener~te bending frequency (\12) i13 cstin'lated by corr.p~riSOI1 with simi14r 

data for MgCl z (1) and seveNl t:ransition-m.et~l dichlorides (~,. The enthalpy at 0 K i5 -3.323 kC<ll/mol. 
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Aluminum Dichloride Uninegative Ion 

( I dea I Gas) GFW . 97.8881 

____ glbbl/mol ____ katltmol 
T,"" CpO S" -(C·-II" ... iff H"-8" .. MIt" , 

toe 
20n 
298 ll.162 67.4t13 67.1,.13 eOOC - 'H.300 

,o0 12.1711 67.o1IJR? 67.413 .. C23 - 'H.312 
400 12.9610 71.140 67.q:J7 1.293 ql.~6a 

50C 13.276 74 .. CbiJ 68.8")6 2 .. 607 - '92.b)'> 

bOO 13.4"'}9 16.5Q7 69.934 3.94" - 'B. 323 
70~ n.S73 78.'5':li 71.025 5 .. 296 - 94.030 
600 13.650 SO .409 72.1)87 6 .. 6'5E - 94. 76~ 
.'0 13.113 82 .. 01(\ H.lO) 8.025 - 'liS .'5'50 

lODe 13.141 8'3.466 74.066 ofj .. 398 - QS.QCl 

ltC·) I J. 710 84.177 74.983 10 .. 77: 99.679 
Il00 13.H2 8').'176 75. SSC lZ .. l'H - FlO .45& 
1300 13 .809 87.081 16.672 13.532 - 101.212 
1400 n.el) SS.le'S 71.452 14,.'H3 - 102.011 
1500 13.81<- 81i .. OSQ 78.1c;l'5 lb~296 - 102 .. 7~0 

16CC L3.S"') 89.952 78.901 17.680 - 103 .. 569 
1700 11.R'51 c;lC.1'91 79.577 l ~~ C'b'5 - 10"' .. 349 
1600 13.651 91 ~'583 1!0~222 2C .. 1050 - 10'5.13(1 
190C 13.663 92.3H 80.BIoO 210836 105 0912 
2000 13.861 <;I3.C44 S [.43l 2: ~~ 213 - 106.696 

21CO IJ.811 ~3.121 R2.002 240blC - 101 .. 479 
2200 13.87'5 940.366 82.'510'9 25.991 - l080266-
2100 13.818 94 .q8~ 83.')16 21.385 - 109.052 
2400 13.882 95.513 83.585 28 6 173 - 109.A4t 
ZSOf) 13.e85 96.140 810.076 JC.161 - 110. t:33 

2600 13.882 <;I6.68S 64.511)0 31.5")0 - 1Il.42" 
2100 13.891 'H.209 815.010 3Z .. <;I.H! - 112 .. 220 
lace n~B9'5 'H.n" 8'5.4'54 H~328 - 182 .. 427 
2900 13.699 99.2C2 8'5~ S85 1'5.111 - 182 ~9b5 
lOO') 13.91'\3 qe .613 86. ]04 31.1CI - 18J.5C'5 

310e 13.o;lCE C)<;.l?Q 86.110 38.4':18 - 184.046 
J20~ 13.'115 Q9.'.i71 67 ~ 10'5 H.881i U!".Sqt 
]3C~ 13.922 99.9'i19 87.490 41.281 - H!'5~13a 

30100' 13.9)0 ICO.41'S 8le al;l4 42 .. 674 - 185.,687 
3500 13e'94:'.) 100.81'9 !!8.2lS 44.067 - 186.23<;1 

360~ 13.QSl IOle212 ES.583 4').4b2 - lA6.711f1 
3100 13 6963 101.5'14 88.930 46.B57 - 11'170347 
3ace 13. q77 1('1.967 69.268 48 ~2")4 - 161.9(14 
"3900 13.9'92 lC2.33C 89.5'i18 4<;1 .. 605 ~ - lAS.4"1 
4000 14.011) L02.e.a4 SQ.921 51.05~ - lS9.0.H 

!- 4100 1".02''1 1(,).C1C '1";0.231 ")2 .. 4")'5 - 189.581 

;J 
4200 14.0"0 ICL369 ql).'S4'S 'i;~B59 - lQO.142 
4300 14~ C72 101.7:;C 90.847 5,) .. 26'S - 1'10 ~ 704 

'< 4400 14.0'H 104.023 91 ~ L4 3 ".i6.673 - 1 Gl ~ 266 

!" 4500 14.123 104.340 91.431 S8~C8-4 - 191 ~ 82S 

n .. bOO 14 6 151 1('4.651 'ill~ 711 5t;.4'H - \"2.388 
::r 470'.) 14.l8l 104.1i'Se. 'H.li9'5 b'J ~9l4 - IIJ2.9'51 .. 480C 14.213 IC"i.2'S5 92.268 bl.H4 - 193.,512 

11 .... 900 1 ..... 247 105.548 'n.'Db 63.757 - 1li4.07"2 
'5000 14.282 105.636 92.8('0 6'SGlf!4 - lQ4.630 

'" !t "10~ 14.31B 1(\66119 93.0'58 66oe61" - 1 1i'5~ t BS 
'5200 14.3'57 106.J'ilB ':;-3.312 68 ~04 7 - 1'1'5.747 

I:P 
51C~ 1".39E1 lC6.612 91.561 6<;.,"80; - 1'16 .. 3(1'5 
5400 14.4"\7 106.941 <;13.807 7C.'i121 1"6.861 

!!. 5500 p .... aa 10.207 94.048 72.372 - 191.416 

~ 5600 14.523 107.1068 <;I4.Z85 1?R73 1"1.9H 

< '5700 14.5607 101.125 94.519 7'5.217 198.529 

0 5800 14.613 lC7.97<; <;4.749 76., 73& - 199.085 ,... '5900 14.6'59 108.2.29 <:.I4.li1,) 78 ~ZOO - lqq~641 

boac 14.706 lC8.41e. 9'S.l9S 19.,668 - 20C~19? 

~ 

z 
!' June 30, 1968; June 30, 1972 

.!"3 --0 
"I .... 

(AICI 2 

~Cr' .... K. 

- q2~'JC'S 61. "42 

- 'iIl.OIC 67 e 01Q 

- 92 .. 143 50.3"'5 
- "12.110 40.261 

- 191 .. <)42 33.490 
- 91 .. 6'5'5 l8.616 
- 91$267 24.9B 
- 90.782 22.04",) 

- Q('l.'J26 1'~.67':1 

- fl9.tCl 11.703 
- aa .106 16.0-46 
- Sl.045 14.634 
- S5~ Q210 13e"l'3 
- a40.74';1 126HS 

- f!3 .. 52~ 11.4008 
- 82 .. 242 106511 
- flC .. 'itl<l 9.625 
- 79.')'32 li6l5l 
- ;'8 .. 146 8.539 

- 16 .. 1CO 7.<;152 
- 75 0216 7.472 

13 .. 693 7.aO? 
- 12.119 6.'5b9 
- 70 0 554 6.168 

bS .. 933 'i.794 
- 61 .286 5.4"6 

64~ 776 ').056 
- 60 .. '567 4.564 
- ')6., 337 4.104 

- 57.068 3.612 

- 47.,822 3.7M 

- 1c3~ '539 1 .. 6e3 
- 39.241 2.'522 
- 14 .. 9?9 2 .. 181 

- 30.5Q"l 1.8'57 
- Uh247 1.'550 
- 21 .. 888 1.2'5Q 

11.';C8 .qAI 
- 13.120 .117 

8. "1'19 .46') 
,,~ 1CO .224 

~ 13 L .007 
4 ~5al - el2S 
'9~ 03'5 .4l'i1 

13.507 - .. 1!.41 
17~qe5 - .63f1 
2?471 - 1.023 
2b.990 - 1.204 
31.504 - 1.371 

36. O;b - 1.'544 
4C'~'H3 - I.70S. 
4.5 ~ 120 - 1.861 
4<'1.683 - 2.011 
54.2'52 - 2~ 1'56 

'i8~ a~3 - 2.296 
63.420 - 2~ 4 32 
1';>8.026 - 2 ~5b3 
72~.ft33 - 2~ 691 
77e1,,)'5 - 1~8 }I, 

ALUMINUM DICHWRIDE UNINEGATIVE TON (A1C1
2
-) ODEAL GAS) 

Point Gl"'OUp [C
2v 

1 

5 298 .15 :: [67.4 .!; 1.OJ gibbs/mol 

Electronic Levels and Quantum Weight"s 
1 

State ~ ~ 

'A, 
3 B1 (23000) 

lSi [29000] 

Vibra.tional frequencies and. Degeneracies 

Bond Distance: .'\l-Cl (2,13 J A 

Bond Angle; CI-AI-C1:: t lCO J. 

-1 
~ 

[450] (1) 

l 225 J (1) 

(SOOJ (1) 

Product of Moments of Inertia: IAIBIC:: (7,1325 x 10-114 ] g3 cm 6 

Heat of formation 

AICI
2 

GF',..1 ::; 97.8B61 

lIHf'; :: {-89.S ! 28] kcal/mol 

lIHfi98,lS ::; [-91.3 !: 211J kcalll'llol 

There hdve been no direct determinations of the electron dffinity (LA) for AIC1
2

(g). We have estitl"U!t:ed a value 

from the following considerations. A compa.rison of the ionization potentials dnd electI'Qn affinities for the isoelectronic 

molecules N02 (1, 1), SF:,: (1.), and AIF2 {.!.) indic4tes thdt in each case the difference between these two quantities (IP-EA) 

is roughly 7.1 eV. from this relationship, we obtain EA (AIC1
2

> = 0.9 t: LO eV with an I? (A.ICl.
Z

) :: 8.0.!: 1.0 e'l (]). 

The estirn4ted LA for Al.C1 2 leads to uHfo{AlC1
2
-, g) = -69.5 .t 28 kcal/mol wh"en combined with lIHf~(AICL}, g) ~ -68.S .!: 5.0 

kc41/IT.ol (1). 

Heal: Capad"ty and Entropy 

A bent conf~&rUran.on for AIC1 Z is adopted wsed on predictions from the cOrl'elation diagrao. of Walsh (.!). The 

CI-AI-Cl bond 4ngle is 4ssumed to be 20" less than that for AIel:,: (.!.). Comparison with bond angles fa!' CF
2 

and SiF
2 

{l) 

indicdtes tha't the adopted angle for Alel.Z - is r-easOlHlble. The AI-Cl bond length is taken equal to that for AICl (~...>. 

The 'thrpe principal moments of .inertia are: I
A

:: 37.11206 x 10-39 , I
B

,. 31.3385 X 10-39 , and IC .. 6.0821 x 10-39 g cm. 2 • 

AICI Z - has 18 valence electrons and .is isoelectronic with the Gr-oup IV A dichlorides. Thus, we assume the ground 

state cO:1figura.tior: (lAl) and first excited singlet: state (lBl) arc similar to those for SiCl? (1). By analogy with 

SO:;: (~) and Geel:;: (§.) a triplet state is <'1.150 included. The ;nergy separation of the J E1 and IBl levels is estima.ted as 

6000 em-I. This cOJ]',pares .... ith the corNspondini values for 502 (::J and GeC1
2 

C.§.) of 3855 a.nd 8SS1 cm- l 
J respectively. 

The vibrational frequencies a.re estimated by comparison with 'those fo'!' CCI
2

, SiC1
2

• dod Alel:;: <,!). The enthalpy at 0 K 

is -3,004 kC41/rnol. 
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Aluminum Difluoride (A IF 2) 

(i dea I Gas) GFW - 54.9783 I·············· 
--------gibbs/mol---_ itt'al/m(ll----

T.~ CpO S' -(GQ-HCua)!T H"_HO .. 'HF ,GF 

0 .. ooe .ceo INFINI 'fE - z~ 722 - 114.'.ilf) - t 74.'5113 
100 8 .. ]54 52&581 71 5 713 - 1.919 - 17'..'516 - l75. Sloe 
200 "il .. 713 S80778 63 .. 864 - l.,Ol? - l11t .756 - t 76.469 ,.. \0 .. .,6':> &:': .. '900 b2 s 'ilCO ~ aoc - \ 15. coc - 111.2'91 

10C 10 .. 965 62 .. "il68 62.'900 .02e - 115.00') - l71.30e. 
400 I teasl 66.26C 63.)1.3 1.161 - 17'>.2'Z1 - 176.031 
SOO 12.460 68.9r8 64 .. 206 2.386 - 17~. 446 - 178.71'> 

.00 lZ.fJ)6 H.2SS 65 .. 1<;8 l.M2 - 11.,.671 - 119.348 
100 13.0e'9 73.264 6b.H4 4.949 - r75.911'; - 179.q4? 
ace 13.2(:1, 7'i.044 67.210 6.267 - 176.17'5 - 130.'iOI 
900 13.390 16.6(4 68.169 7.beC - 116.480 - 181.024 

1000 13.483 78.030 69.08& 8.944 - 179.354 - lSt.3Z8 

11M I3 .. '5!>4 7'>.'31e 6'9.'958 1C.Z'l{: - 179.653 - 161.5(1 
1200 13~608 8·1.'500 70 ~ 7118 11.6'5':1 - 119.9')C - tSI.~67 

1300 13.6')1 61.5<11 71. 'iTS 13.018 - lSI) .748 - 181.197 
1400 13 .. b86 82.604 1"2. )2'9 14.38') I eo. 541 - 181.9040 
1500 13.114 R3.549 73 .. 046 15.75<) - 180.6107 181.991 

1600 i3 .137 84.435 73.111 l1.lZ? - lSL.149 - lS2.0o:.a 
11000 13.1'51 S<j.2b<) IIo-.HS la.'51)2 - 11'11.4':.\ - \""2.\0, 
1600 13.113 86.05'5 75.012 19.878 - 181.750:; - lEl2.135 
19~O 13.787 86. SCI 75. 6L 3 21.756 - tAl.060 - 182.146 
2000 lJ.7Gl9 B7.508 76.190 2'2 .. 636 - 1a2.366 - Un.i44 

2100 13. Beq SA.18? 7b.H5 24.016 - 182.67., - 137.126 
2200 13.618 88.824 71.28'1 25 .. )'ge - 162.<)85 - 192.095 
2300 1:3.621 13'9.439 77e 79'5 2& .. 18(1 - 183 5 296 - 182.041, 
21000 13.8~4 90.021 18.2'13 28.163 - 18J s 610 - IB1.981 
2500 13.841 90.'592 78.773 2'1.5107 - un~ 926 - 181 ~ 9 L1 

2600 13. SloB '11.13') 7'>.238 3C.931 - IS4.l44 - 181.8n 
noo 1;.854 'H.6'56 H.6f!q 32.316 - 184.'561 - UH.725 
28CO iJ. abC '92s 162 90.i2S 33 .701 - 2504.293 - l80.184 
2900 13.86b 92.648 ar:.S49 1'5. eBf - 2'54~ 354 - 178.1')1 
3000 I J. 673 'n.llA AO.Q6'J 36 .. 47'5 - 254.417 - 11'5.'53C 

1100 D.li19 93.'57) t'l1.3M 37.8l;t1 - 254.48C 172.8'9<;) 
3200 D.IHI6 94.0l4 81.748 3'1.251 - 7'54.'546- - 170.265 
33QC 13.8'B 94.4102 S2.1Zb 10(.6.40 - :1"'4.f>11 - 1&1.&1'" 
1400 l J.901 94.556 82.4'15 42.1)3C - 254.682 - 164.99S 
3500 13.'109 95.260 82.654 10 3 ~4 2C - 2'4~153 162.354 

360J 13.'118 95~6'H 81~ 204 Io4e B12 - 254~ 624 1 'i9~ 1If) 
3700 13.<;126 96.013 8J.545 116 ~20 4 - 25"'aS9a - l57.070 
JaDe 13.911 "6~ 40 '5 81a 87'1 47.'597 - 254.974 - 154.424 
)'900 13.948 96.767 64.205 IIB.QQl - 1'.i5~051 - \'51.777 
4000 13.<;1'5<;1 97.120 84.523 '.>0 ~3A7 - 255.129 - 149 a 129 

tole.) I) .971 '11.465 84. £135 51e 153 - 255.21 r - 146.48t 
4100 D.983 91.601 8'i.139 53.1!'11 - 255.7.91 143.62'5 
4300 D.9Q6 <;8.131 1I';.418 54.'lee - 2')5~314 - 141a16<) 
4400 14.009 98.4')3 8'5.130 '5'5.Q80 - 255 .... 60 - 138.'Hl 
4'!iCC 14.023 QS.768 86.01E. 57.382 - 2')5.547 - 13')~B5" 

46,)0 14.0)8 99.016 86~2'i17 'ie.785 - 2'5'5.63<) - IH.l'97 
47ee 14~ 052 q<il.318 8&.572 6;).189 - 2')5.728 - DC .534 
4800 14.068 '1<;.614 86.1342 6l ~ 5Q':; - 2S5~ 621 - t;!1.667 
lo,"jOO 'I.4.(lIB QQ.'il64 61.'1.01 t'3.0c\?; - Z'>S.q\6 - 12S.1'CJS 
'5000 [4-.09<; lOO.249 87.367 6461+11. - 256 .. 01~ - l21~S3(\ 

5lO!"! 14.11 ~ 100.528 a1~6n 6~ .823 - 2~&~116 119.8E>1 
'i2ea 14. D2 100.803 B7.873 676235 - 25b .. 221 - 117 ~l 86 
5300 14.14<; (01.0 12 8Sa II q 66664<; - 256.329 114.511 
'5400 l4.lb6 101 .. 3)7 88.362 70."65 - 256.44(1 - ill.831 
55CC 14.183 10i.s<n 8f!~ 60e 116487 - 256.'556 109.("39 

'i600 14.2'00 10L .1'152 86.834- 12.'90 I - 2"6.616 - lOb.414 
')700 1,,<.217 102.IC4 89 .. 06') 7'h3ll - 2,,6.799 - 103.191 
5800 14 .235 102.351 69.292 ?'5.J.C.5 - 2'56. q27 - lOI.I('6 
5<;100 l4.252 102.S95 R9.51'5 77 .16'" - 2':11.061 - '18.420 
600') 14.26<; I02.6H 6"1. n~ 78.'59'5 - 2'57.700 - '1'i.730 

Dec. 31, 1960; Sept. 30, 196~; June 30,1972 

Log Kp 

!Nf {Nlff 
383~MZ 

19l.85a 
n~a95S 

12'9.161 
97.2:15 
76.116 

65.328 
'56.190 
4'1.311 
.... ;.959 
39.62" 

36.063 
)1.0B6 
)'0.563 
2S.3Qr 
26.'516 

21o.S68 
21. loll 
22.ll4 
20.9')2 
1 Gl. '904 

15.9,4 
18.089 
11.298 
16.512 
15~ 901 

1'5.7.84 
14.710 
llt.Ill 
13.426 
12.181 

12.l89 
Il.629 
11.102 
10.606 
lC~ 138 

<j~bGlb 

9~ 21/1 
R.BSI 
8. 'i05 
8.1"8 

7~ 808 
7 s 4fl4 
1 ~17,) 
6$ aso 
6.598 

6.n8 
65070 
5~a22 
'5~5SI+ 

5.3'Jb 

5.136 
4.92'5 
4.1Z? 
4. ~26 
4o.B!) 

loel'.i'5 
"Lq13r) 
3.810 
3.M6 
)~ .. 81 

ALUMINUM DIfLUORIDE (AU'2) 

Point Group (C
2v

J 

S;99.15 ::: [62.9 .t 0.5) gibbs/mol 

St4te 

Bond Distance: AJ-f;;. [1.55] A 

Bond Angle; r -AI-F :: [1201 • 

(IDEAL GAS) 

Electronic Levels and Quantum Weights 

ti,cm-
l ~ State ti,Cll'I-

l 

2Bl [ 20000] 

V ibra t iondl fre_'i~_~!'_S:t~~ __ ~f!t:LR.~gen~r'ac ies 

-1 

~ 
[ 700] (1) 

-1 

~ 
(330] (1) 

-1 
~L~ em 

[850] Cd 

Product of Hom~mt"s of In~r'tia: IAISIC:: t 3 3693 x 10-11 5. J g3 cm Ei 

Heat of Formation 

Grw~,".97" AIF2 
lHfO ::: ( -17l>.5 .t 10) kca.l!mol 

liHfinl.1S ,,{ -175.0 .t 10] kcal/mol 

~ 

Ehlert and Md.rgrave (~) investiiated mass spectrometrical1y "the Y"eaction 2AH"Z(g) :: Alf 3 (g) + AIng) and reported &11'298 ::: 

-49 ,:, !" ".0 kcal/mol. This result was derived from a third law analysis of equilib':"'ium da"til determined over the temperature r-ange 

124J to 1301 K. However, no experirnentdl da.ta were published. Combining "this result with JAHAr <.?} heats of forma.tion for AH'3(g} 

4nd Alf(g), we obtdin &lfi9S(AlF .. p g) " -151.5 !: 4.0 kcal/mol. In an earlier- paper, Ehlert: et dl.. (~.> reported "tha.t the Alf3+ ion 

.. dS not observe,'. in their mass Sp~c.tro!l'.e.t.ric studies of tr.e ll'.dgnesium fluoridt!.-alul:'.inull'. system. It is ilpp4r~I\t that Ehlel:'t. and 

Hat"'it"'~'J(~ (V.hdve deterrnined equilibriUll", concentra~ions fOr both AlF2 ,lnd Al.F3 frol:\ ion intensities for AIF2 at different electron 

enorglCS. Sl.nee dt t:he higher energies where Alf'{ is presumably formed tram Alf3 it is quite likely tM"!" the ion intensities 

contained significant contributions fror.'l Alr
Z

' we believe the &if value !'or AIF2 obtained from these results may be too positive. 

farber and Harris (!t) perform.ed an effuslon-mass spectrometr.i..c study of the reaction between AIF 3 {g) and liquid AI. 

Ion intensit"ies for A1F(g), Alf
2

{g), and Al(S) were measured at ionization energies of 3 eV above appearance potentials in the 

tempera'ture range 1408 to 1633 K and led to equilibrium data for' the reaction 2Alr{g) = Alf2.{g} ... Al(g). From a third law analysis 

of these results we obtain &:r
298 

.. 16.69 ! 0,80 kcallmol with a drift of -3.133 ~ 0.56 eu. The second law valUe is tlil'29S :: 22..48 

kcal/mol. The third law value leads to cl1f
2S8

{Alf
2

, g) :: -188 ! 3 kcal/mol, when combined with JANAf heats 01' fon:tation (1) for 

Alr(g) and AUg). In "the same investig4tion F4rber and Ha.r.!"is (~) also performed <1 sc.para:te experiJ:"lCnt at 1538 K in which ion 

intensities for the dbove species were measured a.t ionization energies only slightlY above appearance potentiills ("'2 eV). A third 

law dn4lysi5 of 'the equilibrium constant calculated from these relative ion in'tenstties yieldS uH"29S :: 25.6 kca:/rnol, or 

lHf
2
-
9S

{AIF
2

• g) :: -179,1< kCi),l!mol. Here &&ain the significant influence of the ior:ization energies on the {lHf values for Alf2 

ob"tilined from these results suggests possible errors 'in these Knudsen effusion-mass spectrometric exper-inoents due to ambiguities 

in t:he assignment of the molecular 1'lpecies from which the ions ori&inated. Very f'ecently, Uy et a1. cg} conducted a mass 

spectf'o:netr-ic study of the vapor species in equilibrium wi'th the system Alf 3 (g) -I Al(l) -II A1 2 0 J (c), Pr'esumably, all AlfJ<g) is 

removed from this system by either the re.act:ion Alf
3

{g) ~ 2Al(g) ~ 3A1F(gJ, or Alr 3 {g) f. Al;?03{c) :: 3AlOF(g). EQuilibriuJ:\ 

const:a.nts for 2AIF{g} :: Al:
2

(g} ~ Al(g} were measured direc"t1y from t"he rdti06 of the ion inteno;iti~s in the tet:lperature range 

1453 to 1675 K. A third lal;l a.nalysis gives tl-tr
29fJ 

:: 24,3 .!: O.S kcal/mol, or ZlHf 29S {AlF 2 , g} ::: -190.S ! 3.0 kcal/mol; the drift 

in the l..hird la~ is -1.1.2 ~ 1.7 eu. The secor,d 1<1.'<1 h>!e:t of J:"e.4ction at: 298 K is 30.9 kc.al/mol. 

An upper limit to "the bBf of Ali can be obt4ined frOIl"o e.st:ablished trends ill the bond cissoci.stion energiei> for the Group 

III A halides. Hildel1h!'and (§) that for the fluoddes the bond dissociation energies ...:ould follow the or-der 

Dl (M-fl :> DZ{Nf-fl < D
J

(Mf
2
-F) based on a valence state descript:io.r: of the bonding in these molecules. 1t is now establish~d th4t 

the bond dissociat.io.""l energies for the boron fluorides. boron and alurr.inut:l chlorides (~) are in general dgI'eemen~ with 

'this scheme. Assuming D
2
(A1F-f} ::: D

3
(Alf

2
-f) "131.7 kcal/mol,...:e calculate M!f2C9s(Alf2' g) -176.2 kcal/mol £r'om heats of 

formdtion (1} for Alr(g) a.nd AU 3 (gJ. 

We choose t.o adopt lI.Hf Z98 (Alf 2' g) :: -175 :. 10 kcal/mol 45 being representative of the m05"t probable range of values. The 

adopted value leads to bond dis!;;oeia~ion energies of .. 130.5 and D
3

(AlF
2
-f) = 132.9 kcal/mol which are consi.stent wi'th 

th€' bond -energy scheme predicted by Hildenbrand (.§.J. , our value for D2 (AIF-f) is essentially that given by Darwe~t <2.). 
~~~~_~ __ S:?..2acity and Entropy 

The configuration of is predicted to be bl:lnt by Wdlsh (!l.), since it h4S seventeen valence electrons. The elec'tronic 

st:ates, levels, and bond angle are from thOSE for the isoelectronic moleCUle NO] (.:!). Molecular orbital c:.slculaticns by 

H4stie and Ma:-grave (lQ) predicted the stdte for to lie at 6453 em-I. However) this value dppe<'H's to be unreAsonably low 

in comparison with "their data for the o"ther Group III A The A1-F bond leng"th is dssumed to lie between that for AIF(g) 

and AlfJ{g) (1). The individual :noments of inertia a::>e I" ~ 1. 7831 x 10- 39 , IS:: 12.131333 x 10-
39

, and Ie :: 14.6666 x 10-
39 

g cm
2 

The vibrational frequencies are estimated h·om 4 v3lence bond calculdtion with force constants of k :: 3.9 x 10
5 

and ko/t
2 

:: 

0.36 x 105 dynes/crr,. The force c.onstants al'e estirr.;!ted fr'cr."1 those tor Mgf 2 (gl and Sif 2 (gJ (~). 

~ 
'> T. C. Chlert dnd J. L. Mat'St'a'H:', J. A..'1'.et'. Che!l' .. Soc. §!, ~9Ql (19.61.1). 

2. J-,:-NAF Ther-Illochemical Table!;;: AH
3

{g) dated 6-30-70; Alf{g) dated 6-30-69; Al(g) dated 12-31-65; Mgf 2{g) dated 3-31-66; 

J. 0~:t:g~h~:~~~ ~~-~:-~1~e! J, W. Grtlen, and J. L. Margrave, J. Chern. ?hYS.~, 2250 (1961i). 
Ii. M. f4roer dnd S. p, HaI'rls, High T~mperdtu:,e Sci. 3, 231 (1971), 
5. D. L. Hildenbrand in "Advances in High Temperature-Chemistry," Volume 1, Ed. by L. Erying., Academic Press, New York, 1967. 
6. Ref. 2 
7. S. deB. Dar-went, U, S. futl. Bur. 5t<l. I£RDS-IDS-3l, 1970, 
B. A. D. W,llsh, J. Chem. Soc. (266 (1953), 
9. G. Her'zberg, "Electron).c Spectra of Polyatoll'.i.c Molecules." D. Van l'bst"rand Company, Inc., ~w York, 1966. 

10. J, '.l. Hastie and J. L. }la:-grave, J. Phys. Chem. 73,110:' (1969), 
11. O. M. Vy, R, D. Srivdst"a.V~, 4nd M. Ln'ber, High Temperature Sci . .::., (1!3"12), in press. A IF 2 
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Ai um i num Difluoride Unipositive Ion 

( I dea I Gas . 64.9777 

------gibbs/mol---. -----kcal/mo! 
T,"l{ CpO ,. -(GQ-i:f"uI)rr Ir-K"288 6H~ 

0 
laC 
200 
2 •• 12.317 58~ 169 58.1&9 .ooe 1l.2De 

,00 U.:H1 58.2,,5 5t1.169 .OZ3 l1.l07 
<00 13.169 bt.'HS 56. bolt 1.301 1l.bl3 
500 13.682 00\.916 59. 62ft l~6406 12.017 

bCC l4.007 67.442 60.722 4.032 12 .... C9 
700 14 • .221 69.618 61.8 .. 1 5.444 12.11;11 
BOO 1 .... )69 Il.527 bl.'HS 6.874 13.12'5 
900 \4.41'" B.Ut> 63.9St. a.316 13.426 

1000 1<It.'5')2 H.1'55 64.988 '1.766 11.157 

HOO 14.blC 76.llt5 65.940 11.226 1I."61 
1200 U.656 11.416 66.844 12.689 11.764 
1300 1<\.691 79.59) 67.103 14.1';.1 12.Cb8 
1400 141.120 19.663 68.520 15.621 12.369 
1500 14.14] 80.6'i1IJ 69.299 l1.10C 12.6609 

IbO() 1 ... 162 81.6'H lC.CH l6~5H, 12.967 
1700 1<\>.778 B2.541 7C.751 2C.C53 13.264 
1800 lift.7lH 83.392 71..430 21.")31 13.'l5o::l 
190(1 H.801 84.19Z 72.081 Z3.011 13 .8~3 
2000 1-...812 54.9"1 72.705 2".492 14.145 

2100 14.821 85.614 73.30b 2~.973 14.433 
2200 1ft.alB St..3M 73.fJ8'" 27.<056 1 .... 721 
2)00 1"'t.8Jo\ 1:17.023 14.441 28.939 is.cca 
2400 14.840 67.655 14.'.118 30.423 15.2'il2 
2500 14.845 a8.260 75.'1198 31.901 15.573 

260C 14.84iJ 88.843 76.COO 33.3'i12 15.852 
2100 1~.fJ'j3 89.403 76.486 H.871 16.13C 
2800 Ua857 89 a 944 16 a 957 36.3t.2 - S3.CC4 
2900 14a 860 9C.465 77 a41'" 37.848 - 52.468 
lOOO 14.863 90.969 17.8'57 39.334 - ~1.935 

3100 14.865 91.".50 18.28S ""C.521 - 51.4C3 
3200 14.868 'ill.na 18.701 42.30 I - SO.874 
33(;0 U.81Q 92.386 79.115 43 6 794 - 50.146 
3 .. 00 14.812 92.830 79.512 45.281 - 49.621 
3500 14.61'4 93.261 19.898 ... 6.76<; - ""'9.2'H 

3600 14.875 'ill.6SC 80.27'J 48.256 - 48.77"f 
3700 14.877 94.087 80.643 lt9.74lt - 48.158 
nco 14.818 '94.4S'" al.ee2 51.2H - 47."!43 
3900 14.879 940.871 81.353 52.119 - 1.01.229 
oItOCO :- 1"'.881 '95.241 81.69'50 510.207 - 46. (19 

... 4100 1"'.882 9S.bl'S 62.030 ~'5.6S5 - 46.211 
4200 1"'.683 95 e 973 62.358 51.164 - 45.704 :r <ft300 14. aa .. 96.324 a2.679 5e.672 - '0').2(,1 

~ 10400 110.865 96.666 82.993 60.16e - 41o.1C2 
4,)00 1 ... 866 97.GCC 83.300 61.6"09 44.206 

n 
:r 4600 14.886 97.327 83.602 61.131 - 43.112 .. 47CO 1 ... 8131 97.b48 83.897 6 ... 626 - 43.22, 

? 4800 llo.SBS 91.961 e".lSr btl.llS - 42.736 
4<;leo lIt.S8S 98.266 84.471 67.0010 - 102.2'53 

:ou 5000 1".8a..- 98.56<;) S4.750 69.093 - lol.r70 

~ '5100 14.S9C 98.864 8'5.0210 10.Sal - 41.3C) 
szoe 14.89C '19.15'\ as.293 n.on - 4C.BH 

C 5300 110.891 '19 ... 36 85.557 13.5bC - 40.369 
D 5400 I1t.591 '19.715 5'5.817 15.049 - 39.910 

P 5500 14.892 9<;.9Ba 86.072 16.535 - 39.458 

< 5600 14.592 100.256 86.323 18.021 - ;'l.011 

0 '5100 14.6'92 100.'520 86.510 19.'5l6 - 3a.')69 

:- ~800 14.693 100.71Q 86.812 81.C05 - 38.134 
5900 14.593 101.C)4t 57.0S[ 82~49S - 31.7C5 

!" 6000 lit.593 101.284 E7.28b 81.984 - 31.285 

Z 
!' June 30, 1968; June 30, 1972 

~ 

-0 .... .,. 

(AIF
2

+) 

IlGf'" Log Kp 

8.832 - b.474 

a.8t ,. - 6.~Z3 
7.961 - 'h3,)O 
7.0CO 3.C6G 

".96C - 2.171 
4.6':>5 - 1.51& 
3.6'>8 - I.CtO 
2.se2 - .6e8 
1.451 - .116 

.... 12 - .094 

.0:;.41 .099 
1.578 .26'; 
.2 .636 .412 
3.121 .'5it2 

4.825 .659 
5.945 .764 
7.Cf4 .6bC 
8.238 .948 
9.4CI;I 1.C28 

- 1(' .5'96 1.103 
- 11.19'" 1.112 
- lJ.OC2 lG23t: 
- 14.227 1.2Q6 
- lS.4t5 1.352 

- 16.711 l .... O5 
- 17.969 1.454 
- le~4C1 L.4)? 
- 11 ~ 1 5e 1.2"'5 

15~ 0;7'0 1.164 

- 14.784 1.01.02 
- 13. ole .930 
- 12.1.05 .. .825 

11.315 .727 
- U·. U8 .636 

9.015 .SSl 
7.962 .1.071 
6.899 .391 
5.832 .327 
10.178 .l6l 

3.738 .199 
2.7Co .141 
1.687 .C86 

• b78 .03<ft 
.313 - .Cl'5 

1. 2~8 - • Co2 
2.21;,7 - .105 
3.232 - .147 
10.190 - d87 
5.l29 - .2210 

6.Ctl - .2bC 
6.987 - .294 
7,90 - .326 
s.an - .356 
'l.70 - .386 

10.597 - 4414 
11.411 - .440 
12.353 - .4o'.i 
13.218 - 449C 
1~.Ol1 - eS1; 

A IF 2 + 

ALUMINUM DIfLUORIDE UNIPOSITIVE IO~ (AlF.,·) (IDEAL GAS) GFH 64.9777 

Poil".t Group f Dwh J 

S;n.IS (58.2!: :?OJ gibbs/mol 

Ground St:are Qu"ntur.> kieigIn: = [] J 

illlf; [10.0'! 33J xCill/mol 

1,Hf 293 l!:l : (ll.? '! 33] kCdl/mol 

Bond Dista"-lce: Al-f (1.6SJ A 

Bond Angle: f-AI-F:: [180]° 

Vibr3"tional frt!guencies <1nd Degeneracit!s 

-1 
~ 

[500 J (1) 

[Z001 (Z) 

[aOO J (1) 

Rotational Constdnt: BO (0.16296] cm- l 

Heat of i.'2.!:!E..-ation 

Ehle::'t: et al. <:~) reporl:ed 'the appea,rdnc(:' poten'!"ial (AP) of Alf?' from Alr
3

(g) dS l~,? !: 0.3 eV (350.5 !: 7.0 kcal/mDl). 

Subsequen"t mass spectrom~tric measuremen'ts by Ehlert ~nd M.argrave (1) on the SdlT>e' system (l1gf
2
/AI) have conf.i..rITled this v3lue. 

Assuming "'the ioni;:ation process 'to be Alf 3 (g) ... e- -= !\l:;:~(g} ... f(g) • ?e-, we calculate ilHfO{Alf
Z
+' g) -= 44 !: 8 kcallmol by 

combining the above :::'Csult with JANAf hea.'ts of formation (],) for Alf
3

(g) und f(g). The cOr'!"'esponding ionization po'tcnt:ial t (IP) for 

Alf2 is 9.1.17 eV and would also cert:ainly repr-esent an upper limit to the true va.lue since it is not known whether the AI:
2 

ion 

formed by impact hd~ some inter-nal energy. .. 

The AP of Alr 2 fro!!' AIF 2 (g) Ihls been reported dS 9.! 1 eV <..i.J clnd 11 ! 1 t!V (~), These values lead to t..llfO fa:, AIr, of 

33.1 !: JJ and 79.Z :! 33 kcal/r.1OL respectively, when combined with i,Hf~(AIL" g) = -174.5 ! 10 kcallmol <.~}. Molcculdr orbital 
ca lcu1d't..i.ons on by Hastie and Mar-grave <.~) have indicated dn I? 

these calculations. 
of 7.8 eV. The bend angle in the difluoride wa.s 

assumed to be 130 0 

A comparison of ionizat"ions potentials fo!' BX and EX Z (§) (X = f ,Cl) indicates that the values for tne dihalides are SOJ:1e 

2-3 BV less than those for the ITIonohalides. Based on an IP :: 9.7 eV for AI: (l), we es'timate t:he I? for AIr
2 

to be near 7.5 

eV which is in l"'easonablt! agreement with the calculdted value of Hdstie and Margrave (3). We choose 'to adopt I?::: 8.0 .!: 1 

eV for AH'Z<g) which corresponds to .LlHfO (Al1'2~' g) -= 10.0 ! 33 kcal/mol. -

Hedt Capacity and t.:ntr'opy 

The molecular structure of A1f2 + il> aGsUllled to be linear based on pred:ictions fI"om t:he cOr'relation diagra.m of Walsh (§.). 

However. we do note tho.'lt the isoelectronic molecule 11&f;: (1) has bt!en shown to be bent. The Al-f bond leng'th is taken equa.1 'to 

that for- AIr <.~). By analogy with C()2 (2) no low lying eltlctronic levels a.re t!xpec:t:l;ld. The moment of ine!'tid is 1",1765 x 10-39 

g cm Z 

The asymme'tl"ic stretChing ("3) and doubly degenera.te bending (v
2

) frequencies for Alr
7

" .ll'€ estimdted by cornpdr'iscn wi'th 

si:nilar data. for the first-row transition-metal difluorides <.§). The :oyroroet!'ic stretching fJ:"equency (\)1) is assumed to lie 

between that fot' Mgf 2 (g) an.d SiFZ(g) C;p. 11110.': entha.lpy at 0 K is -2.927 kcallmol. 
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Aluminum Difluoride Uninegative ion 

- 64.~789 

----gibbs/mOl---~ kcal/mol 
T. "K CpO S" -(G'-II'_l(f tr-H"see <1HI" 

0 
lOa 
200 ... 10.B11 61~ 54)4 61 ~ 564 ~ooo - 222 .. 900 

300 10.831 61 4 631 61 ~5bCj ~O20 - 222~ '91 0\ 

.00 11.745 64.6S1 62.001 1 $lSl - 223 .648 

.00 lZ.3'H 61.511 b2 .. 1J'54 2 .. 35"i - 224.316 

600 12 .. 15C 6<;.861 b3 .. 816 3.615 - 225~ 10e 
700 13.011 71 .. 846 6" .. 842 4.904 - 22S .. 8501 
.00 13.209 H .. MO 65 .. 82"1 6.211 - 226 .. 618 
qOO 13.34'3 15 .. 1M 66 .. 78l 7.5ft5 - 221 .. lt25 

1000 13 .. 446 76 .. 575 61 .. 6'11 8~ 1384 - 230.801 

1100 13 .. 522 11 .. 861 68 .. 556 1 tJ.233 - 231.600 
1200 13 .. ')82 1"1 .. 040 69 .. 383 11. '588 - 2J2.3<n 
1300 13 .. 62 e aO.IZII 10 .. lbA 12.949 - 233.1'14 
1"+00 l3~666 B 1 ~ 14C 7C~9U l4~ 314 - 233 .. 992 
1'500 13 .. 691 82.0B4 71.630 15.682 - 2H~ 7'>11 

16CC 13~ 722 S2~ Gl69 72~ 311 1 7~ 05] - 235 .. 5CiO 
1700 l'l .. 743 83.802 12.96"1 18.426 - 236 .. lCJl 
1800 13 .. 76l B4~SB8 138S81 19 .. 8::11 - 231 .. 1Ci] 
1'100 13~ 71(;. 8'5.33Z 1"'.181) 21.118 - B7 .. 9'16 
2000 13.789 86.03'1 14.701 22.5'56 - 238. eal 

HOO 13 .. 800 86 .. HZ 1'5.314 23 .. 936 - 239 .. M6 
2200 1 J .. 80Q 87.3'54 15.BIo7 25 .. 316 - 240.415 
.BOO 13~ 81!! B7 .. GlbB H".301 26.&98 - 241 .. 223 
2400 13.B2t 88.556 76 .. 851 28 .. 0BC - 241. O~5 
2501) B .. 8B S9.lll 71 .. 336 2'1 .. 463 - 242 .. 8"",,Q 

lbOO 13.839 B9.664 H.8CC 3C~ 846 - 243.664 
2700 t3.S45 90 .. 186 18.24., 31 .. 130 - 2"'4.481 
2800 13~ 850 'ilC.b90 16~ 684 33 .. 61 '5 - 314 .. 109 
2900 13.856 91.1'6 19 .. 107 35~ ac ( - 315 .. 268 
30')0 1],,861 91.646 7Q.'5J ., ,~6 .J86 - J!5.B29 

3100 13.866 92.100 19.(H'.:> 37.773 - 3t6~ 36'9 
3200 13.812 92.'540 80.303 39.160 - 3ltl.9S3 
330C B.B7EI 92.967 Be .. 6aa 40 .. 541 - 3l7.'H<il 
HOO 13 .S85 93.3RZ aI.CltS 41$935 - 318.087 
3501) 13.89Z 93.784 81.406 43.324 - 318.656 

3600 L3.S9Q 94.176 81.155 44.114 - 319.22'5 
HOO 11.91)8 94.551 el~I)"6 46.104 - 3t9.798 
3800 13.91E 94.928 a2.4Z9 47.49'5 - 320.111 
3900 13.918 95.190 82.7')4 46.881 - 320 .. %Q 
100CO n~ 940 95 6 642 B3~072 50.261 - .32LS2'5 

4100 136952 95.9S1 S3.3R3 51.615 - 32Z~ 105 
.. 200 13. q66 96.323 83 .. 637 53.071 - 322 ~b8!1 
4300 13~9a 1 96.652 e3.9S'5 54.lob<; - 323.266 
40C0ae 136q?7 96.973 84.216 55.a68 - 3?3 .. B5f 
4500 14 .. 015 91.2138 64.562 57.2b8 - 324.43"> 

4bOl) 14.0Jl,. 91.5')( .. 84.842' '.is .671 - 3Z5~ /)20 
47ce 14 .. 154 1il7.898 65.116 bO.075 - 325~bl0 

4800 14.0Tb 99.19'5 8'>.386 61 .... az - 326.199 
.. qoe 14.0Q9 98.485 85.6'50 62.890 - 326.791 
500e llo.l?4 98.11C 85 .. 910 64.301 - 3Z1~3e4 

'5100 14.1SC 99.0'50 S6.1Q5 6'5.71'5 - 371.979 
5ZCC 14.177 qq.315 1!16~ 41 '5 67 .. 1l1 - 329.'577 
non 14.20'5 Q9.'59OS 86.661 6B.5'5C - 329.177 
'5400 14 c 214 qq.861 66.903 69.<"/12 - 32<j1.n~ 

5500 14.265 100.12] S1e 141 71.191 - :nO.383 

'5bOO tlo,ZQ7 11)':).360 67.37'5 72 .82'3 - 33;).'191 
5700 14 ~ 330 Ii)O.63J S7~ b06 74.251 - 331.600 
'5800 H.l64 10'> .86l 8T.an 75.691 - 332.214 
'5900 ilo .. 39C; 10 l ~ 129 88.05(> 77.130 - 332.8)C 
QOOO l4.4H 101.371 aa • .?76 18. '571 - 3H~450 

June 30, 1968; June 30, 1972 

-(AIF
2 

) 

6G1" IAgKp 

- 223.305 l63.6S1' 

- 223c 30B 162.680 
- 223 .. 327 122.020 
- 223 .. 164 91.54'5 

- 22'2.8'53 61.lN 
- V2.411 69.442 
- 221.876 60.614 
- ?Z1.23S 53.723 
- no. J lq 48~ 151 

- 2lo;l.233 43.'5")8 
- us.on JQ.717 
- 2l6.8107 36.4'.i5 
- 21'5c'559 33.650 
- 214.215 11.2U 

- 212 ~817 ZCJ.06q 
- Zli. H.B 27.173 
- 209 .. 874 25.482 
- 208.335 23."164 
- 206.7'52 22.593 

- 21)5.132 21.348 
- }:l'n.471 20.l1 "] 
- 201.711 lq.173 
- Joc.on 18.216 
- 198 .. 21'5 17.333 

196G474 l6.'51'5 
19-'i.644 15.755 

- l';n ~"954 l4«'HD 
- 187c55"9 l4.135 

J83. HB J3.342 

- 118.110; 11.5"99 
- 114.1M 11.902 
- 169. f96 ll.245 
- 165$313 Ie.62t:. 

160~ a 10 ie.04t 

- 156.288 ".488 
- 151.751 S.'HI4 
- 147.207 8.466 
- 14.2.643 7.9c)3 

13S~064 1 .. '543 

- 113.413 7.115 
- 128 .. 863 &. TO'S 
- 124.241 6.31'> 
- 119.6C4 'S.941 
- 114.QS7 5.'.i1'l3 

- IIO.2Q4 '5.240 
- 10'5.625 't .. e, l2 
- 100.c))6 4.596 
- <;16.232 It. zqz 
- 91 .. '523 10.000 

BtI.SO 3.120 
87.066 3.41oQ 
77.Hq 1. t88 

- 72. '564 Z.9)7 
e,7.7I1:Jb 2.694 

- b3.013 Z.4"Q 
- '58.223 7.232 
- '5).42l Z.Oll 
- 48 .. bU 1.eOI 
- 41.1~a 1.'.:>9') 

ALUMIN'-.,lM DIfLUORIDE UNTNtGATIVE ION (AlF 2-) (IDEAL GAS) 

Point Group [C Zv ] 

5298.15 [51.5 0.5] gibbs/mol 

Electronic Levels a.nd Quant.um Weights 
-1 

S"td"te ~ !i. 

lA, 

3 B1 (i5000J 

IBI (40000) 

'1ibr4tional frequencies and Degeneracies 

Bond Distance: AI-F = (1.65] A 

Bond Angle: F-Al-F = (lOOJ~ 

~ 
[796] (ll 

[332 J (ll 

[836) (1) 

Product of Moments of Inertia: IA1SIC [3.B697 x 10-115 ] g3 cm G 

Heat of Formation 

AIF2 

GF''': :: 64.9789 

uHf O -220.9..!: 12 kcal/mol 

til-!fi9S.lS -Z21.9.± 12 kcal/mol 

G":: :2 

Farber et al. (:!) recently reported equilibrium data for the r'edction Alf1 {g) + r-(gJ :: F(g) ~ AIF 2-(g) in the 

t:etlpe:t'4ture range 1705 to 1900 K. These results were obtained in a molecular flow effusion-mass spec-trometTic study 

of the reduction products formed in the AlF
3

{g)/KF{g)/AlCO syste!!'l. A "third law an41ysis of thle:;;1e equilibrium dat4 

yields LlHr
298

.:: 32.0! 1.0 kcal/mol with do drift of 1.4 ~ 4.7 eu. The second law lIHr 298 value is 29.4 kcal/mol. 

Combining the third law h~dt of reaction with JAN"Af he4ts of formation (1), we calculate tlHfi9S(AlF2 -, g) " -222 9 ! 12 

kcal/mol, which is adopted. This value c.or:responds to an electron affinity (EA) of 2.0 .t 0.5 cV for Alf 2 (g). 

Heat Capacity and Entropy 

The correlatl.on dl.agr'am of WaIst! (1) pr'ed~cts a bent confl.gurat~on for Alf 2 (16 valence electrons) with 4 bond 

oilngle considerably reduced from that for Alr 2' These predictions are supported by the experimentd11y determined bond 

an.slcs for ""the lsoelec.tronic l:Iol~cules CF
2 

(104.9*) <.V, SiF
2 

(lOO.9-) (1), and Gef
2 

(91.j-) <~). Therefore, we assume 

the bond angle for AIF
2

- is equal to 100°. The Al-f bond length is taken eQ.ual to that for AIf? (.?.J. The individual 

mOll".ents of inertia are: I
A

" 13.027 x 10- 39 , IS" ::"O.OBO x 10-39 , and Ie':: 2.947 x 10-
39 

g cm? 

Recent ultraviolet absorption st:udies on Si: 2 (~), GeF'2 (.t) , SnF 2 and ?bF" (2.) have indicated "thE:! ground stolte for 

these molecules to be lA
l

• and a first excited singlet state (18
1

) has been observed in each case in the region 40000-

44000 em-l. We adopt t:he ground state of AlfZ - as lAl. and assume the IBI level to lie at 40000 em-
l

. T:ne triplet state 

(3 31 ) is estlll',ated by analogy with the ODser-vee triplet levels for Si: Z (~) 4nd 502 (~). The vibration41 frequencies 

ar-e C<tlculated from the stretChing and bending force constan"ts of k " '"'.2B x: 10;" and k6!t
2 = 0.1.j2 x 105 dynes/em by the 

valence force method. These force constants a.re estimated from similar a..,.ta for CF
Z 

(1), Sif2 (1), dna Gef 2 (::), The 

enthalpy dt 0 K is -2.702 kcal/mcl. 
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Lithium Aluminate (L i A 1°2 ) 

~~L GFW . 65.9193 

~~~--~~------- ~-----~kca.l/DIOI 

T.OK CpO S" -(GO-W .... lff HO_W_ "UfO AGf' Log Kp 

° .000 .000 l"lf [NlT E - 2.123 - 282. ')49 - 282.54'1 {NFl NT TE 
100 ... ZQ3 1.932 23.722 - 2.17'1 - 282.9210 - 218.637 608 .. 960 
200 1l.461 7.11'5 14.0"9'j - 1.376 - 183.699 - Z14~(t]6 ZQ9.452 ,.s H>cZQ8 12.751 12..151 .000 - 2134.100 - 269.200 l'H.l2CJ 

>00 H •• l83 12.852 12.751 .030 - 284.1(''5 - 26'1.1(18 196.045 
400 l'il.490 l8.013 13.43) I.S32 - 284.234 - lb4.082 144. zas 
500 21. llC 22. 'J49 14.81 ~ 1.868 - 284.'118 - 2'58.CJb7 113.1qt, 

.oe 22.1'l1 2&.4'H 1&.439 6.0341 - 28 ... '93'1 - 2'SJ.1MI '92.4]5 
10e 22.88') 2<;1.'968 18.12<;1 a.28S - 284.848 - 248.<)10} 17.bl0 
'00 23.462 ':13.0&1 1'11.806 1 Ge6C~ - 284.731 - 243.4(11 66.4'96 
.00 23.949 35.8'!iS ll.lt3!!> 12.'117 - 284.633 - 238.246 57.8'54 

lOOO 24 .. 380 38.,.01 23.007 1'5.V::'4 - ?81~066 - 232.1113 0:;0."'03 

UOO 24~ 774 40.743 24~'51'S 11 ~851 - 286.SQ5 - 227.5('7 "')~ 10 1 
1200 25.141 1,2.915 25.959 2D.HY - 286~ 694 - n.?1l8 49.451 
noo 25.495 44~941 27.342 22.819 - 2ab.463 - 216~ 145 36.438 
LI,OO 25~ 834 46~ 843 28.667 25 .... 41!:. - 286.204 - 211.3"'1 13.000 
1500 2:6.l6J 48.637 19.93'1 28~ 046 - 2as.'n 7 - 2Gb.Oo;8 30.02'3 

!6eO l6.485 50.336 H.162 30.676 - 285.602 - lCO.1.o l7.42C 
1100 n.BOZ 51.9'51 3].317 :n.34) - 320.30S - 194 .. 122 24."156 
1600 21.115 53.492 H~470 36.039 - 319.753 - 186.713 2Z.b'7C 
[i;oo --- -Y1: -... -[5'----5;;:9&6----34·. -s-bY-----ja;76b-- -:"---h"q-.-fii -_ . .:- i 19: 33Y-- ---25 :628 
2000 2:1.733 56.381 )5.619 41. '314 - 318.516 - 111.995 t8.195 

2100 28s Olte 57.742 H •• 640 44.315 - 3l1.948 - 1M .682 11.1 "i'il 
2200 26.0100 59.041 H.629 41. 11 ~ - 311.3lS - 157.399 10:;.636 
2300 28~ 040 60aZ93 38 a58a 49 ~9ZJ - 31b.68':> 1'50.143 14.267 
2400 28~04C b1.481 )9. ''.il7 52 .. 127 - 3ib.Q!)" - 14] .914 13.014 
2'500 28.040 62.631 40a419 55 e 531 - 3l5.452 - 135.715 11.864 

26CC 26 .. 040 63a 7J I 41~ 294 59.335 - 314.645 1?8.537 10.8010 
2100 28 .. 04/) 6.ft .. 789 42a 14'5 bl.nq - 314.247 - 121.,810 9.825 
2800 l8.0(.0 65.809 42.972 63.943 - 363 .. 066 - 113.420 B. ~53 
2900 28.0100 6b.793 It,. 717 bl!:. .. H7 - 382 .. 22' - lO1: .. FJ05 7 ~a2J 
3000 29.040 67.143 44 .. '!>6Q 6'9.551 - 381.387 - 94 .. 211 6.664 

SeptembeI' 30, 1961; June 30, 1972 

,\ I L i 02 

LIT"rlIUl1 ALUMH1ATE (LiAl0
2

) (CRYSTAL) GfW :: 55.9193 

c..,1-UO -262.55 1 kcal/mo1 

529S 15 12.75 0.5 gibbs/mol i,Hf29B.l5 -:tB1.i.1 1 kcal/:r.ol 

Tm :: lB83 15 K l.:.I-i.!1'~ (21 2] kcal!mol 

lieat of FOr'ma.t:ion 

The heat of forntation of LiA10 2 (c) is ca1cu14ted fro1!l two independent" e>:perimerlts. Coughlin (l) 1lle&sured the 

hea't of solution of LiAl0 2(c) in liCl(aq). This value, -"6.0 -:: O.OS kCd111':101, .... as combined \.o1ith ~ea6ured heats of 

solution of Al{c) in HCl(aq) a."1d LiCHe} in HClCaq) (?.). These heats dre combined to give a uH::"';sa :: -88.9 ! 0.14 

kcallmol fSlr 

AlCc) "" 1..iC1(c) + 1".7 H
2
0(O .. LiAlOZ(C) + 3/2 H

2
(g) + HCl-12.7 H

2
0(aq). 

Combining this result with values for lIHfi9S(LiC1, c) (1), 6.!if 29B {HC1·lZ.7 H
2

0) (~), and uHfi9SCH;?O, t) (~) we cdlculd.te 

I.lHfi9S{LiAI02. c) :: ~281.1.33 ! C.B kcd/mol. 

Gross et al. (2.) mellsure.d the heat of solution of LiA10
2

(c) in Hr(aq) and combined this heat with 'the heats of 

solution of LiZO(c) and Al Z0 3 '3 H20(c) [Gibbsite] to give lIEris8 :: -2i<.6 ! 1 kca1/mo1 for the following process 

Li
2
0(c) ~ A1

2
0

3
(c, 0:) ... 2LiAI0

2
(c) 

Combining this nea;; l.1ith u1i29SCAl203' c) = -400.5 kcalffllol and lIHfisBl.i20. c) -143.1 kca1/mo1 (.§.) we calctl1at:e ilHf 298 
(LiAl02 , c) = -281,1,1 :t I kC.;lllmal in good a:8r-eement" ""it:: t:he former' study. We have dQopted a value of -284.1 ! 1 kca1/mo1 

for' l\Hfi98.15{LiAIOZ' c). 

Hea:t .;:ii.Jlilcity and Ent::'02Y 

Low temperature heat capacit:ies h4ve been trleasured by King \.'~) from 5'::.-198 K, Enthalpy meaS'..lrel~cnts (drop 

:::a1orimetry) have b(:cn made by Christ:ensen e't al. <.~) in 'toe range 398-J795 K. These two sets of data agree well in 

Cp at 298 K. no transitions were detected ill either study. The entropy is derived from Cp and an cxtr-dpolation of 

SSl ::: 0.36 gibbs/mol. 

Mtl1ting D<:1:a. 

Hummel '!It &1. (Ji!) report a series of 10 mclt:ing point IT'easure1:len1:s on LiA102 in which 'they dete,l"mined nn 
1983 !: 15 K. The hedt" of fusion is €5'Cimatt'Q by analogy with siITIi1dl:' cOTl'lpounds. 
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Lithium Aluminate (LiAIOZ) 

W . 55.9193 

~---&ibbe/mol---- .<aII .... 
T, "K Cp" so -(C'-H"_){f W-Ji"Da 611t' dCF lAg Kp 

0 
100 
200 
298 16~ 20e 21~SU 21~ 526 .000 - 26bs 336 - 254~t41 Ifl6 e Z'91 

300 16e ZSJ 21 .. 921 21~826 6030 - Z66 .. 31tl - 2540066 18'5.087 
400 19 .. 490 21 .. 088 22~ S08 1.832 - 266.410 - 249 .. '948 1'\6 .. '56'5 
'.iOC 21 .. 130 31 .. 624 23.868 3.868 - 261.214 - 245. HI lO7~4n 

.00 Zl .. l'n 35 .. 572 25 .. 51'\ 6 .. 034 - 267 .. 115 - 741.449 87 .. 948 
700 22.885 'No04) 27 .. 204 8 .. 288 - 261.084 - 2U.lbS 14~ 041 
80C 23.462 42.138 28.681 10 .. 606 - 266.913 - 232 .903 63 .. 626 
900 23.949 44 .. 930 30 .. "11 12,. <;11 - 266 .. S6q - 228 .. 650 55.')24 

1000 24.380 47 .. 476 32.082 1'5 .. 3Q4 - 269 .. 302 - 224 .. 224 4<;.004 

11(1) 2It.111o- 49 .. 618 :no 'jGlO 17. ASl - 269 .. 131 - 219.125 H.65'S 
1200 25.143 51 .. '9QO 15.034 2C .. 147 - 21'>8 .. 930 - 215.2440 J9.201 
BOO 25.ltQ'j 54.016 36 .. 417 22 .. 879 - 268 .6'99 - 210.179 35~4 35 
1400 32 9000 '.i6e388 376160 26.070:; - 2601.907 - 206.356 32.214 
1500 32.0()O 58.0;96 J'ge07b 29.21'1 - 266 .. 920 - 201.<;199 29.431 

lbOO 32 9000 60e661 40e ]61 32.41<; - 266.0:37 - \97.699 21.004 
1100 32.,000 6Z.60l 41.613 35.67<J - 300.2(\'5 - In .. 121 24e 700 
tftO.{L. __ H.! 99.0 ___ . _ ~'!~ ~ ~ ~ __ . _~! .!_B}.O _____ . '! I!". Er!~L _.:-_ ~ ~J •• .1.4.'9. _. _ -.:_lI?~! 191. ___ . _V_ •. ~!;!2. 
1900 32:.000 606.}60 44.013 42.07<; - 296.100 - 179.'528 20&6')0 
2000 32.00C 67. eCI 45.1&2 45.219 - 2'H.057 - 113.111 lE!.9)<; 

2:100 32.000 69.363 46.277 48.479 - ZQ6 .. 010 - 167.1'56 11539i-
lZO(l 32.000 7e.851 47.]61 '51.679 - 294.991 - 161.044 10;.998 
230·') 32.000 72.274 48.41] '54.81<;1 - 293.965 1'54.917 14.126 
2400 3Z.000 73 .636 49.436 58.0H - 292.949 - 148.9'5'5 136564 
2500 32. 000 71t. Q4Z 50.ItJO 61.279 - 2'91.940 - 147.91q 12.499 

2600 "2.001") 1b.i'H S163'H 64.419 - Z'10.'n7 - 13'7.040 11. 'H9 
2700 32~ OOC 17.It05 ")2.33B 61.619 - 289.943 - 131.141 llJ.61'5 
2800 32.000 78.568 53.254 10. B7<; - 358.3bb - 124 .. 4106 '1.H3 
2900 32.000 19.691 51t.147 74.079 - 357.127 - 116 .. 114 66151 
3000 32.000 80.776 'S'j.016 77.279 - 355.89'5 - [01 .. 812 7.85'5 

Sept. 30, 1961; June 30, 1972 

AILiOZ 

r~Il1iIUM ALUMINATE (LiAlO
Z

) (LIQUID) GN " 65.9193 

5;98.15 [21.826 0.5] gibbs/mol nHf298.1S [-265.336!: 0.3J kcal/mo1 

'DIl 18S3 15 K nHr.!- [21 1: "2] kcal/Dlol 

Heat of formation 

The ilHf"i9S(LiAl0
2

, t) -266.31.1 0.2 kcal/r.'lol is calculated by adding the estimated heat of fusiol1 to the heat: of 

formation of the crystal. 

Hedt Cl'!pacity and Entropy 

the heat capacit:y of liquid LiA.10
2 

is '£!:stima"te6 as 3'.1:.calidcg mol above a hypothetical. gl.ass transition teT:lperature of 

).300 K, Below this te::Jperature the heat ca.pacity is tcl.ken the SdTlle as the crystetl. (See crystal table.) The 5;98 " 21.8 ! 

0.5 gibbs/mol is ca1cula.t:ed in a mM.ner analogous to the heat of formation. 

He:;' ting Data 

See LiAl02 (c) 'table for details. 
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Beryllium Aluminate (BeAI 204 l 

GFW - 126.9728 

----gibb:!i/mol---_ .kcai/mo.! 
T, "K CpO S' -(GQ-if',II}rr H"-WHII ~Hr 6GI" ..... Kp 

~ 000 • GCG I NF I"lT lE ]~ 12 S - 546.122 - 540.322 IN!" IN IT f ,GO 3s9l1 1.320 :1.630 - 3.CH - 547.93'5 - '5)9.)0(05 I L 76. 137 
200 l'j.~ 877 1.644 17.514 Z .046 - 549.264 - 530eZ1'5 57<).451 
2.8 2'5.160; 15.844 l5.BIo4 ~ 000 - 5'50.0eO - ')20.787 38\.147 

leo lS~ 32 '5 lb. o~o 15.S44 .047 - 550.006 - ';20.606 379.261 
400 H.214 24. 1 7~ U>.919 2.903 - 5')0.21 i - S10.762 219.061 
'00 34.643 31.'533 19.121 b.206 - 550.136 - '::>OO.QC4 21 S. 945 

bOO H.OJC 'le. en 21.145 <i. 191 - '549.915 - 491.016 118.375 
700 18.no 4~.·Hb 74.'502 13.':590 - 549. b2fl - 41'11.293 1'50.267 
80C 3<:).9ac 4G.173 27.(6) L 7.'528 - '5lt'L301 - 471.'5'56 128.823 
900 40.91C '.i3.CJJS 29.967 21. '574 - ')49.0JC - 461.853 112.1 <;3 

\,)00 ioL66'oO 58.266 32.se4 2'5.702 - 5'53.862 - 45L.611 "S~H3 

LlOI1 42~ 29C 62.?e6 3<;.lC5 2<;.8qQ - 553.52'; - 441.624 117.741 
lleo 41.9C'') 65.<;192 37.'i26 34.1':>8 - 553.169 - 431.466 76.581 
1300 'oJ. 'He 6<;.,f,,5C 39.850 3I),.47g - ">52.790 - 1021.340 70.B~4 
1400 44.130 12.M7 .. ?~ 082 42.861 - 552.39C - lol1.243 64.\<;18 
150C 44.760 75.163 44.226 47.30b - '551.965 - 4:lI.ns 56.452 

16M 45.460 7L615 46.28<;1 51.SIS - ~'54.264 - 391.061 ~3.416 
170::1 46.250 91.4')5 4fl.270 56.404 - 553.653 - 380.67<;1 46.96'5 
1800 47.1'lQ Rio. 122 '50.194 61.071 - '5S2.978 - 370.7'32 45.0 !3 
1900 48.010 86.6'13 52.048 65.816 - 5'52.234 - 360.628 101.4Al 
looe 49.010 89.1 III 'B.843 10.677 - 551.409 - 150.'569 36.306 

Z!9] __ ___ s_o_'!..Q.lC ___ 9 J~.?_9_8 _____ ~~!.~ ~;L ____ ]_5 .. ~_E»J:' ___ -.:_ 2!?Q:a t.1JL __ :-__ :t'!.0_._~~B ____ }.5 .... 5.4...l. 
220' 51.2'.10 cU.q53 51.214 O/)a694 - 54<;1.4'n HO.515 32.840 
2300 
2 /,:)0 
2500 

"MO 
noo 
2800 

52.4:)0 
53.670 
'55.01( 

56.420 
c;7.9JC 
')'90450 

'16.2"55 
98 ~S12 

IOC.730 

102~91le 

105. en 
10.20S 

5B.'HQ 
60~S22 

62.086 

bl.6lle 
65.11 0 
66.575 

B5asn 
91.l76 
9ba609 

102.180 
107 aB96 
11.":!.163 

- '548.38<j. - 320.b43 
- 541.172 - 3l0~ 164 
- 545.841 - 30C .950 

- 544.1<;16 - 2'11.171 
- 542.1316 - 2tH.470 
- 750.9SC - 269.052 

Mar. 31, 1962; Sept. 30, 196!4; June 30, 1972 

"la.4bS 
28.299 
26. )09 

24.416 
22.7Sl 
21.000 

Ai
2

Be0
4 

BERYLLIUM ALUMJNATE (BeAl,0!4) ( CRYSTAL) GFW .: 126.9726 

IlHfO"- -546.3 !:. 1.0 kcal/rnol 

5 299 IS lS,8~1I! 0.03 gibbs/mol lIHt:;9S.1S;: -550.0 1.0 kcal/mo1 

Tm 2146 10 K D.Hrn e ~ 41.6 1.0 kcal/rnol 

Heat of Fornh'l.tion 

Il.HfQ is calculdted from ilHr
Q

(298.1S K) :: -4,06 ~ 0.3 kcal/mol for BeO(c, 0:) .j. A1
2

0
3

(c, a) ..... BeA1
2

0
4

(c) using 

curr-en't values of Il.Hf
o 

for the reac'tants (1.). flHr'c is based on the value -4.0 ~ 0,3 kcal/;r,ol at 968 K determined by 

Holm dnd Kleppa <.~) from the difference in heats of solution of 'the "thr~e co'!',poncn'ts in an oxide melt. 

For comparison wi'th the above reaction, we derive uHr"09S.1S}() -2.3 kcal/rnol from ilGr'(l800 K) = -3.13 kcal/mo1 

based on equilibrium data. Young q) :.lsed water va.por as <I. carrier gas to determine the transport of BeO, presumably 

as 3e(OH)2' in equilibrium wi'th BeO(c)1 BCA1-;:04(c) and BeA1 6 '\O{c). Suit<tble linear combination of 'the three equilibria 

gives the above reaction. We comp4re at a terr.perature of 1800 K, nE:ar 'the upper limit of the datd., where the experimental 

method is more sensit:ive. The resulting difference in c.Hr e (298.15 K) is 1.e kC<l.lll1101, roughly 1,6 times the uncert:a.inty 

cl<!l.imed for ilGr- (]), 

Heat Capacity and L:!tr'opy 

CpO and 'the derived properties below 29B K are taken f"ol'l'. calo!'irnetric data (16-380 K) of Furukawa and Saba (::). 

The o:.ntropy is based on 31.6 . = 0.004 gibbs/mol. CpQ above 298 K is based on enthalpy data of Ditn4rs and Dou·glds 

(~, 32J-ll73 K) and Ishi~.a!"a a.nd West el, ll82-2136 K), cp· up to 900 l< is 'taken from Ditnars <l.nd Douglas, but dot 

higher temperatures lt is based on graphiC'll srloot:hing of Cp" curves from the 1:WO studies. Near 'l000 K there i5 .., 

shdrp rise in Cp" as derived frolf. the en'thalpy equation of Ishihara and West. We give little weight to 'this pdrt of 

the curve on the assumption tha.t premel'ting is involved. 

Melting Dol'til 

See 3eA1
2

0 14 (t), 
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'" Ber y I I i um Aluminate (BeAI 204 ) :to 

" (L i qu i d) 
~ 

GfCW . 126.9728 
:r 
0:: 

----gibbs/mol---_ kcal/mol 

!. T,"K CpO S" -(GO-H"_i{f He_H~_ Mil' &GI" Log Kp 
0 .. 100 

200 

z: 29' 2'5 e 185 31 ~ '3 C 1 31. ~Ol ~ Joe - 515~O~t - 4QO.486 J59.S3b 

» 
300 25.325 31.457 31.301 .047 - 515.0<)') - "'')0.334 357.208 .. 400 HeZl" )"l.6J2 32.316 l.~OJ - "its. '301 - 482.016 263.37? 
'00 34.M3 46 .. 9'J(l ~4.577 6.20t; - 'H';.227 - "73.72'+ 207.064 

; .00 H.J3C '53. Be 37.2('1 9.79, - ;15.006 - 4bS.it .. ) 169.539 
700 H.110 <j<).3B 39.'1'j,) 1"3 ."9~ - '-'14.71.2 - 457.205 142.14b .. ace H.'98C li4.lIlC 42.720 17.'528 - 514.390;) - 449.013 122'.665 .. 
900 40.910 6<).394 4S.4ll 21.514 - '5i4.12l - 44C-.8'55 101.054 
l~C" 41.640 B.143 48.041 25.702 - 51B.CI'53 - 432.3'59 q4.492 

1100 42.2"1(: 77.7103 '5e.562 2<;.8'9<; - '518.616 - 423.718 Rio .18<) 
12('') 42.900 81.44'1 52.963 34.158 - 518.260 - 41 "j~ I C7 1'5~60 L 
DOC to 3~ 51 C 84. geb ~5~ 301 36~4 7G - '517 ~Be I - 4'H)~S2'5 be .341 
1400 44 .. 130 68.154 '37.539 4 z~ B61 - "17.482 - 397.''1'74 6l~ 127 
1500 56~ 0<)0 92.e17 ".>9.710 4~ ~4f>1 - 51'5 ~902 - 399.4'15 5E>.141:1 

1600 56.tnO 9'.i.6H 61.843 '54.('61 - 517. 113 - 3Alo O)q 52.048 
170C 56.000 9<;1.026 63.<OZ 59.661 - 515~4~a - 372.584 47.80;;.,. 
lB:lC '56.000 102.227 65.'Hl 65.161 - 513 .8eo - 364 .'221 44.123 
1900 56 .. 01')0 1.0'5.;:>55 67.Q60 1C.f!61 - Sl?2'H - 3So;.9'52 40.CJ41o 
2000 56.000 108.127 6<).891 1b.461 - 510.717 - 347.76'1 38.002 

_~ !Q~ ____ ~5_6_'!..(l_'lCL ___ 1! Q ~iI?~ _____ f_to_tfiL ____ !n_·SJlj ... __ : __ ~Q.~~ l'2.~ ___ :'_ })3_o_6_!L'L ___ _ ~?~~~J_ 
2200 S6. CIJO 113.465 73.619 81.b61 - 507.618 - 311.625 32.CJ41, 
2"300 56 .. 00C 11'5. Q"i4 7'5.4Cb 91.261 - 506.0SQ - 313.655 30.154 
2400 56~!:H)~ liB ~:n7 77.14'io 98 ~8b 1 - sn4 5 579 - 315 5 7'32' 28.7'B 
2'500 56eOCO 120~ 623 18.839 lO4.4bl - 'S03.0FJT - 301.92~ l&.919 

2600 ':i6 ~ 000 121.820 80 .... 89 11:).061 - 5!'!15607 - 300.142 25.2'29 
HOC 56c 000 l24.9H 82.0W, 11 S.661 - ')00.1043 - 292.42'< H.6le 
2800 56.CGO 12b.91C 83.Ml Il14261 - 10a~ y.,4 - 281.988 n.olo 
2900 '5b~ 000 l2B.CD'S ROj.19') 126.861 - 106.334 - 266.7'91 20.106 
JO~C 56.00e Da.9H Rb.680 132.461 - 1045136 -2'51.670 1:IJ.B4 

11')0 56.01')0 1]2.67C 88.114 13a.~61 - 101.941 - 236.626 16.682 
HOC '56.0Ce 1)4.441 A9.5'D 141.661 - 6qq .16Q - Vl.b4S 1').138 
3301) 'i6.CJO Ub.I7l QC.940 14<>.261 - 697.607 - 206~142 13.692 
]400 56.{'1)0 137.842 92.295 }')4.861 - 6S1S.4.,O if. 1.<;104 12.B'5 
1500 %.000 139.466 93.blC 11',0:.461 - 693.304 - l77 .129 11.060 

'56.')00 141.('43 Q .... 91 ~ 166.06l - Ml.172 - 162.4Cl Q.8Sq 
56. \)~C 1 ts2~ 578 <;6~ 1 53 171.661 - t<>BQoC51 - 147 ~ 747 8.727 

3800 '56.000 1-44.0 rt 91.421 111.Z6l - 686 0 945 133.144 7.658 
3900 '56.000 14,).,)26 913.638 162.861 - 684.84b - IIS.'5'i1'5 6. b46 
40(\0 56. DCA (46.0;;4] 9q.828 188.461 - 682.16'5 - I04.110 5.6~a 

L June 30. 1972 

AI 28e04 

S!:.'l.YLLIUH ALUMIN.\TE (BeAl
2

0Lj) (LIQUID) GF'../ = 126.9728 

5298.15 31.301 gibbs/n:ol ClHfi99.1S -515.091 kcal/mol 

T:n 2146! 10 K t.Hm~ 41.6 1.0 kcal/mol 

Heat of fO!"IlH!t:ion 

ll.Hf~ is calculat'ed froJ:! that of the crystal by adding t..H.'1\e and the difference in (Hilll6-Hi9s .15) between c.rystal 

and liquid. 

Heat Capdcity and Entropy 

Ishihdrd a.nd wes't {l' reported enthalpy data up to 231.08 K and gave a parabolic enthalpy eqU4tion for the liquid • 

This equation yields a temperature derivative of Cp· which is unreasonably large. Cp· at the mea.n tempera'ture of 

mea,su!'cment is about 60 gibbs/mol. We <!I.dopt the slightly lower value of 56 gibbs/mol, corresponding 't:o 8 gibbs/g-atom. 

Below the assunled glass transition a't: 1400 K, Cpa is taken to be the same as that of the crystal. The entropy is 

calcula.ted in a Wdy ana.logous with lIHf". 

Melti:':.g Data 

TIn, adjusted to I?1'S-58, is from the phase study of Lang ct 031. (2.). iI!iJnc is cAlcu14teo such that the a.dopted 

tables reproduce the enthalpy equa.tion (~) ned';" the mean temperature of measurement. 
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Aluminum Tribromide, Dimeric (A!2Br6) 

Ud"aic;~~JGFW - 533.4170 

T, gK Cp~ S" -(GO -W:l;8I){f II"-W2h dHr' 6Gf' Log Kp 
~---g;''''/''''- .-----0.01/ ... ' ~ 

o 
10C 
2CO 

2.' 
300 
400 
.OC 

-co 
7CO 
800 
900 

1000 

1100 
Ilea 
1300 
140C 
15(,0 

1600 
L700 
l8CO 
1900 
2000 

Heo 
2200 
2300 
2'tOC 
2500 

lOOt 
HOC 
28(0 
HOD 
3000 

3100 
3200 
·3300 
Hea 
3500 

36CC 
HOO 
3ace 
3900 
loOOQ 

'>100 
4Z00 
430e 
4400 
4500 

4600 
470C 
.. soc 
4900 
5000 

5100 
520e 
'5300 
5400 
5500 

5lbCD 
510C 
5800 
5900 
6eco 

~ooo .000 INFINI'fE ~ 90111 - 2U.352 - 213.352 INFINITE 
2a~874 92.6<;19 163~743 - 7.10"0 - 213.555 - 218.63&0 4T7~825 
]&~6Z6 115.456 lJi.,.:HS - 3.176 -- 2lolo.624 - 223.348 2410.063 
]~.81<j1 130.776 Ile.17e. .ooe - 224.CC( - 226.411 16'5.963 

39."11111 131.C23 13C.176 .t14 - 224.0101 - 226.425 16"'.950 
H.4lb 142.737 lJ2.36'§ 4.110<> - 245.8<;1(' - 212.711$ I21.baa 
42.191 1.52.011 135.IoC3 B.H"o - 245.616 - 216.~tC 9.e..6n 

102.6)6 
42~ 913 
4).O'H 
43.224 
4).316 

4).365 
43.4)7 
4~ .419 
4).5l1 
41.53e 

43.559 
41.577 
43.592 
43.6(iS 
",).cH; 

"'3.625 
4)~ 634 
43.Mi 
U.6 ... 1 
4).6'52 

43.6'57 
43.662 
43.666 
./0).669 
./o3.b72 

43.675 
43.678 
43.680 
43~6a2 
43.684 

"'3.686 
43.688 
43.680;; 
10).691 
43.692 

4).693 
4~.69S 

4).090 
43.6'H 
43.697 

4:J.6ge 
4).699 
4).1C(J 
4l.701 
43.10 l 

43.702 
4).1(;3 
43.1C3 
"3.7C40 
43.1C4 

43.705 
"3.1C5 
"3.7e6 
43.7Cb 
43~ 706 

159~806 

Ibb.4C(; 
H;;:.14~ 

177.227 
161.786 

185.918 
18Ci1.6>:;6 
i'D.IH 
l<J6.397 
19q.~OC 

2G2.2l1 
2C4.8S2 
201.343 
20<;1.701 
211.9"HJ 

214.(\66 
21b.09t;. 
218.035 
Zl<";.8'B 
;:21.615 

223.381 
22~.0"35 
226.623 
228.l55 
22'9.635 

231.061 
232.454 
2)3.798 
735.1C2 
236.368 

237.59 .. 
238.796 
239.'161 
241.CCJ6 
2'U.20Z 

243. lei 
244.3310 
245. )62 
246.367 
247.34'1 

246. ,0)9 
249.249 
25(..l6" 
2Sl.07(. 
151.953 

252.818 
253. &67 
254.4'19 
Z5S~3 i6 
256.118 

2'56.'906 
257.619 
2Se.t,,39 
.259.l87 
259.921 

13B.8 ..... 
142'.321 
14'5.6Q8 
148.924 
151.'1166 

154.886 
151.632' 
16C.234 
162.103 
Ib~. 051 

Ib7.286 
16<;.41'il 
11l.458 
113.4C'il 
l7S.2ac 

~17_011 

1 78~ 8e"" 
laC.46S 
182.C72 
183.621 

ISS.US 
166. 'Jb6 
187.q6S 
189.32S 
1<;lC.641 

l'H.926 
193.113 
194.384 
1"15.56? 
196.HO 

197.829 
196.920 
199.965 
2C 1.024 
2C2.0lo-0 

2C3.CJ3 
2C4.004 
2C4.954 
ZC5.aS3 
20b.794 

2C7 .686 
ZCB.;60 
le9. loLa 
21C.159 
211.084 

211.894 
2:12.68'1 
213.47(, 
Zl4.237 
2110-.991 

2:15.733 
21b.462 
211.17'11 
2l7.8a5 
21S.5f'9 

12.577 
H •• 855 
21.156 
25.473 
29.80C 

34.135 
38.476 
42.622 
47.112 
SI.0;.24 

5'.i.8H 
6C~236 

64~5q~ 

&8.954 
73.31 t 

71.678 
82.(\101 
86.4010 
9(."7M1 
'115.134 

99.499 
le].865 
108.232 
112.5'JB 
116.965 

121.H~ 
125.7CC 
130.C6e 
134.436 
D8.se'5 

1 .. 3.173 
147.542 
151.911 
IS6.2aG 
160.6",Q 

165.CIE 
169.3as 
173.7':>7 
176.127 
182.497 

186.866 
l'H.23t: 
19~. 606 
1'l'l.'JH: 
204.346 

2ca. lIt 
213.(;87 
217.457 
221.827 
22/).198 

230.568 
234.939 
23'il.309 
243.68C 
24a.C5C 

- 2405.355 
- 24'5.126 
- 244.947 
- 244.848 
- 24q.681 

- 249.176 
- 249.662 
- 249.5"'7 
- 249.433 
- 249.323 

- 249.213 
- 249.104 
- 2"'8.9<)4 
- 246.869 
- 248.787 

- 248.6BS 
- 246.588 
- 248.4<)2 
- 248.399 
- 2108.3(9 

- 2"'8.222 
- 248.137 

36&. B71 
- 386.2710 
- 385.673 

- 385.(17 
- ~84. 4B7 
- 383.892 
- 383.3(4 
- 382.119 

- 382.14(' 
- 3S1.560 
- 380 .988 

38:}.417 
- 379.8'33 

- 379.292 
- 378.733 
- 313.182 
- ]77.633 
- 317.C9L 

- 376.553 
- 316.(·23 
- 375.5Ct 
- 374.9Sl 
- 374.41C 

- 373.969 
- H3.47? 
- 372.987 
- 372.511 
- )72.C41o-

- Hl.59C 
-311.144 
- 370.711 
- )70.291 
- 369.8a5 

- 211.254 
- 205.58q 
- 199.955 
- 194.)31 
- 18S.351 

- 18l.ZH 
- 116.076 
- 1&9.94') 
- l63.826 
- 157.72C 

- 151.614 
- j4').'jlb 

- 139.427 
- 133.339 
- 12'7.2b7 

- lll.l'14 
- 1 IS.I 27 
- 109.C'5S 
- 1C(.0;I'il? 
- ,"6.0;141 

- 9C .6£15 
- 84.84? 
- 17.132 
- 66.1)81 
- 5'5.050 

44.03';; 
- 33.0102 
- 22.07lo 
- 11.123 

.161 

le. -'42 
21.6104 
32.535 -
43.419 -
54.2H -

6'S.lC1 -
H.'F.6 -
66.768 -
97.561 -

IOB.HC -

1 ['9.156 -
129.923 -
140.612 
l51.ft)6 
162.11l -

112.6<;2 -
183.bCB -
194.323 -
205. :::18 -
21S. H2 -

226. HI -
z:n.061 -
247.741 -
2'506.396 -
2&<).031 -

Dec. 31, 1951; June 30, lS6~; June 30. 1957; June 30, 1972 

76.949 
M.}S8 
'J4.62'5 
41.191 
tal.l65 

)6.2C2 
32.066 
?S.'57C 
25.574 
(2.<;Iao 

ZC.11C 
IS.701 
16.979 
15. '3 ~ 6 
13.9C1 

1.64C 
6.866 
6. C2C 
4.980 
4.010 

~. 104 
2.257 
1.462 

.715 
.CII 

.b52 
1.276 
1.871 
2.43) 
2.96'5 

~.4 11 
"3.952 
4.410 
4.847 
5.263 

5.66! 
6. C41 
6.405 
6.1'54 
I.CS8 

7.4C9 
1.1l7 
B.Cl "3 
B.2"'8 
8.572 

8.835 
9.C9C 
9.33<" 
9.512 
9.80i') 

AI
2

Br
6 

ALUMINUl1 TRIBR01HDE, DIMI:RIC [(A18r3 )2] (IDEAL Gi\S) Gf'W :: 533.4110 

Point Group Dlh ;)HIO ::: -:<'13 t; !: D,B ked-llmoJ 

Si98.1~ ::: 130.8 gibbs/mol uHfi9fL15:: -2"1,.0 0; 0.8 kt:a1/mol 

Ground State Quan"tl.lm Weight [1 J 

Vibrationdl fr~(LUencies ,Hid Degeneracies 

-1 
~ 

'l09 (1) 

203 (1) 

139 (ll 

-1 
~ 

59 (1) 

[ 20](1) 

3 1lO( 1) 

Bond Distances: Al-Br 2.21:': 0.4 A. 

Bond l\ng1es ~ B~'-tiJ-B, 1111°36' 

-1 
~ 

r 76J (l) 

SOO (l) 

1110]0) 

-J 
~ 

[13 J (l) 

439 (1) 

114 (l) 

-1 
~ 

J~6 0) 

90 (1) 

[411 (l) 

-1 
~ 
376 (l) 

199 (1) 

112 (l) 

AI-Ilrb:ridge 2,33 ~ C.r A 

flrbridge-ill-Brbridg~ " 86~44' 

Product of the I-:omen"ts of Ine"tia: IAIeIc 8.110123 x 10-110 gJcmb 

HCdt of formation 

The vapol' preSSU1'es Over AIBr 3 (c) and A1Br- 3 (t) hcive been mecl.5ured by Dunne and Grego!"'y (.!.) and fischer, Ra.hlfs, and Benzc 

(1), I'espcctively, Vdpor pressures were COl'rec'ted for vapor non-idedlity by means of "the equation ..'.Go/T:;: -Rlnp _ BP/T. The 

Ber"tho1ot equation of stolte dnd critiCal constdnt:s 'Ie.: :: 753 K ami Pc 28.5 a,'trn repor-"ted ty Johnson, 5ilv-l, and Cubicciotti 

(.:!) were ust!d to cdlculd.te B. The cOl."'rected vapor pr'~s~,ure:s were used t:o c.a1cu1ate by both St!cond d1l.d Third La\J methods. 

The results of the calculations dr€ as follows with reaction (A) corresponding tD ::: Al]B.!"'6(g) ~l'ld reaction (8) 

corresponding "to ?AIBr
3
(t) - Al]Br

6
(g): 

Reference Reac. He"thod 

Effusion 

MagS Loss 

Transport 

"Cdlculation based on Third Law [lHri98 

No. Pes. 

IS ..... 

""Pei.n"t dot 1,35.20 K rejec"ted due to stdtistical test. 

Range lIH r
Q 298' kca.1/mol drift 

_~ Second Lclw ~ 

273-320 

413·523 

396-471 

19.6 0.7 

15. 6 ~ 0.1 

16.0 !: 0,1 

20.26 

.1 ~, 62 

15.51 

2.2 2.'l 

0.1 0.1 

-0.9 O. J 

t.Hf
298 

.. 

-224.06 

-223.97 

-223.99 

The adopt:ed value of CHf;98 for A1 2Br6 Cg) is -224.0 :!: O.S kcal/rnol. Johnson, Silv,), and Cubiccio"tti (.J) ffie<lsurcd the VdpOr 

prcssure OVer AIB!'3(t) by an inverted ca.pillary technique from 536 K and 1.18 atm to 761 K a.nd 29.3 atm. Tht!y reported a 

hedt of vuporization of 5.79 kcal/mol AIBr] '1t Tb :: 528 K. This value is in rE'.dsonab:i.e agreement w"ith llH:f'· :: 5.88 kcal/mol 
which is ddopt~d here. 

Heat CaPdcity a.nd I:ntr'oDY 

The molecula:- st:ructure, bond dis1:ances. and dngles were obtained from the electron diffr'dct;:OIl \Jork of Pd1mer and £11io1:"t 

(~). The bond disldnces and dngJes r'eper-led by Akishin et <ire in good agreement with those given by Palmer dnd Elliot:"t 

(~). Tl'.e yrincipdl moments of inert:ia are I A :: 2.515:"7 K IS': 5.35 .. 92 x 10- 37 , und Ie 5.57171 x 10- 37 g cm 2 

Bedttie, Gilson, and Ozin (~) r.tedsured the condensed phase ·rR and Rd.flldn bands for aluminum "tribrornide while Bedttie and 

HOl'der (51) measured the gaB ph03se Raman spectrum. It hds been esta.blished tha"t the condensed phases of P.,lBr
3 

are dimeric 

(.£, }), thus spectroscopic stu.dies of the crystal and liquid pe::"tain to the st('uct1J~e of A1
2

Br
S
(g). How-eve::", gas ?hdS~ va. lues 

<.Ire adopted in preference to condensed phase frequencies whenever possible. five frequencies (w
5

, ;;.)7' .:.l9' ""10' 

adjus"ted not only for consistency with the frequencies cho;;:en for A1
2

F
6

(gl and Al~CJ5(g) but also for agreement Stecond 

and Third. Law nHl'is8 values in t:he second data. set "ta.bulated above. 
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Magnesium Aluminate (MgAI
2

0
4

) 

'it! . 142.2725 

--gib~/mol----~ kcal/mol 
T, OK Cp' S" -(GG-H":tN),'"T W-H~::tH IIHr IIGF Log Kp 

eO'JO ~o~o II'iF IN I 1"e - '?6B'1I - ';48.949 - '54fl~q49 I N~ I NI TE' 
'5 s 41B .... 0C'') j'1.1l5 - "1 aSH - ')'50 s~·i1 - 542. U5 1184.191 

I B.b'5G li.qcr 23.411' - 2.314 - 552.I?? - ":>33.111 ~Rl. 518 
21.771 2l.19f1 21.1~8 .r:CC - '5'52. fl00 - <.>71.533 3~3. 16e 

30::: 27.<:)'.:'5 21.17C 21.19'1 .0'57 - 5'J.? .807 - ")21.3~1 31-11.262 
4()'.) 33 .241 3'J.HI9 71.36'5 ).13C - 5'52.%3 - 5t ~.4q@ 2'30.5&2 
5')C 36. JAS 37.932 Lt..722 6.605 - '552.854 - 5('1).64f nco 141 

.0' )7.92] 44.68 I 27.498 I(.HC - 5'52.646 - .. G).8IA lH.Rn 
lCO 19.2iF. ')0.632 3e.387 14.177 - ':>52.4(;3 - 4f\4."31 1')1.121 
800 40.191 ~5. Q')2 3"3.256 18.151 - '5')1011 J - 414.287 12Q.'.i~a 

90':' 41.35) 60.166 3~. ')l..g 2?.74'j - 55t.9(jA - "64. ?"it;. Ill. fll)<3 
1':(1(1 it? 222 6".168 3R.744 21(,.424 - '559 ~O56 - 454.2:o:n o:a<;~ 2'8 7 

II -;0 4 ~ ~O) B 6<).231 41.331 H.69R - S'j8~ 792 - 443-.8)7 BS.1Bl 
170":) 43~ 8('1 71.(,o::q 43. ~11 3'5 ~03 C - ')~R ~,"a I - 433.4(\1 '7B.Q33 
D01'l 44.'53<; H,.544 46.;?C!a 3~.447 - 5'jfl~ 1:'7 - 4n~'HltI 11.111 
14():t 4 5~ 26 t 7'LB71 "f.l.1.8~ 43.q37 - 5~1'I. [,)7 - 41Z. [/4 64.13'> 
1'5':'(' .. 5. C!61 9J.C1S 50.666 48.499 - 5f1'? .3")2 - J99~580 "8.2l'9 

160') 4b.to58 86.r:1)1 "i2.801 5':'.l3(' - 5B6.490 - 387.090 52.874 
1 Tee 47.34L 88. ~56 '54. SJ8 51'.830 - 565.56Q - l74.6'!i' 4B.165 
1800 48.0t B 9\.'581 56.BC'') 62.'5<:)e - 564. '597 - 31)2.Z1) 43.986 
t<'~ao (.11.691" Q4.1QS 58.704 61'.",31 - 563.%1 - 349.9S1 40.253 
2000 49.1'36 96.7tr:' to!":. '541 12.336 - ')S2. 1.73 - 337 .bA7 16.901 

2lC'f) ,"'9.932 99.112 62.1U 17 .30 I - '::i~1.333 - 32'5.416 33.873 
2Z~C 50.415 I': 1. 4-6f1 64~ 04Q 82.JZl - ')61"1.151 - 3JL"\l9 31. tZ'S 
HOQ '.iO.'9B4 to1.121 65.12"::0 67 .3~! - '578.0:07) - 1CH~Zt4 lR.6V 
Z4"1() '11.459 105.903 67.354 92.~17 - 517.66C - 289.165 2;'.332 
2-'f00-- ---51:90'0-- -1-o-i.-oTi----6S:q")S------Q-jo-,;S6- -':-S7b:36Y---':: -iii ~ le6- - ·-~4-.-?~ff 

26;0 52.106 ! 10.0'56 70.481 I02.IPH, - '51'5.(33 - Z65.2:,B 22.2Q') 
2700 52.681 lll.ne 71.9f1) lOB.I4-6 - 513&676 - ?"i3.V.e, ;>0 • .,07 
2801 '.>3.021 l t].~6C' 71.4409 113.43L 711.\14 - 219 0 841 lS.lll 
2qCO '53.32e It 5. RZl> 74.918 118~ 14'< 709.186 - 223.04'1 Ill.B09 
3000 ')3.600 111.0)11 16.21$ t2:".C96 - 7,) 1. 241 - 20b.]'l7 1'5.030 

Dec. 31. 1950: Mar, 31,1963; June 30. 

AI
2

Mg0
4 

r1A.GNESIU.1 ALUMINATE (MgA1
2
0,,' (CRYSTAL) GIw l42.272S 

..llifO :: _5118.94 !: 2 kcal/mol 

5298.15 21.198 ~ 1 gibbs/mol ilHf298.15 -552.9!: 2 i(calJmol 

Tm :: 2408 .: 20 K llHm::; [1./.7 !: 5) kcal/mol 

iit::at of formdtion 

The selected value for 

Grjotheim et <11 <'J), and Rao 

c) ::: -552.8 !: 2 kcal/mol is bas<!d prime~'ily upon the equilibrium measurements of 

and the heat of solution measure.men'ts by Navrot'sky unci Kleppa (1, ~). A second 

dnd "third Idw dna lysis of all the equilibr1ur.1 data sets 1s tabula"ted below. 

Because the synthetic ~pinels exhibit ca.tion distI'ibu1:ions be't"";een normal and inverse we 1.dke as the s'tand.:l.r'd st:ate dn 

equilibrium spinel wi"th partially inverted cations. the thel'modynarr.ic na.ttJrc of t:his phenomend, has been discussed 

by Navrotsky \.~). The experiments by Navrotsky <Ina Kleppa involved OJ high tf:!mpera'ture (697"C) solution cdlorimeter 

wi"th <t lOlolten oxide solvent to compdre the heats o~ solution of MgO(~), 1<.1
2

0
3

\C, a) and HgA1
2

0 4 (c) at 970~K. The surn of 

t:hcse heats was oHr
970 

:: -8.12 !: 0.3 kcalJmol for the reaction, 

MgO(c) -+ A1
20 3

(c, a) .. 11g.A1201./.(c)' 

This value red.uces to ilHr'298 ::; -8.64 !: 0.) Jccal/mol d"d r;ives lIHf29801gA1204J c) :: -552.6 ! 1 kCdl/mol using JANAF <luxiliary 

oata (2). 

Zclionchkovskii and Rubal'akdya (.§.l reported heat of combustion exper:iml:ints for the process 

1"'.,I;(c) to 2111(c) ... 02(g) - l-'€A1204(c) 

.'md derived nHf;gS(MgAIZ01., c) "" -567.1 kco3.1/mo1. Their v,::l1.le. cl.ppears to be widely discordant wi1.1'1 the other repor-t:ed valucs. 

It is noteworthy that the heats of formdtion cillcu1ated from references 7, 7 and B, <:wd 9 <31'e within four kcal/mol of t.ht! 

ddop'tcd value despite sign1.[icant entropy drift"s. 

Ref. R'-'!action 

4!1g0(C) '" 2Al(O .... MgA1
2

0 4 (c) -+ 311g(g) 

7,8 Same Redct:.ion with Activities for 111(.0 

10 

11 

-t 3Mg(g) 

-+ Mg(g) 

'" 312C(c) .. 3M&(g) 

AICl
3

(g) -+ 311g(g) 

"ilHf~ 29S(l-lgA1
2

0lj' c:) derived from 'the third-law values 

Hea1: Cclp<.1.ci ty and f.ntropy 

Temp. Range 
k.calJmol 

K Poin't5 3rcl Law 

1l'l3-l'llll 137. S~! . 7 127. 6~1. 7 

1143-1'11'l 141. 4!2 126.8.::2 

1215-1423 134. 7 ~O, 1 127. S~O. 9 

HISS-21SS 138.3!:21 177.81:6.3 

a03 -0.343 

1273 -5.17 

132ll-1'l52 15ll.1!:3 1 ~3. "to. 5 

1298-1455 26.2!:3.4 2S. 3.!O. 7 

using JANAf iJ.u'Xilial."'Y data (2!. 

Drift LlHf'" 298" 

~ }(cdltrnol 

-7.8d.3 _S48.8 

-11. 2!:1. 6 -5:':9.8 

-S.2!:O.1 -548.7 

19.5!lO -543 

_514~ • 5 

_549.4 

-1.0!:1./.. a -553.0 

-0.6!'.l.5 -552.S 

low temperat<ll'e 11eat: CdpdCi'ty experiments on a synthctio:.; sanrplc of HgA1
2

0 4 we-e carried out by King (l.~) OVl!r the rdnge 

51-298 K. The 5 298 :: 19.26 gibbs/mol was calc:ula'ted fr-om cfJ an 55] ex'tr,J.polation of 0.32 gibbs/moL 3ince heat capdcity 

measurements illone C.UlnO·C quanti't<1'tlvely det:ect tht< entropy of formation of a par'tially inverted spinel it is necessary to 

ddd a configurd't.i.onal !:nt:ropy te!'ITI of 1.93 e,ibbsfmol 1.0 giv~ 

(J .15 male f~'dCtiof1 ot:" invt:rted cations pr'esent in synr-het ic 

reference (:±) 

21.198 gibbs/moL Thi:> tel"'lTi corrects for apprOXimately 

of NgAI
2

04 . The method of calcul.iirion can be found in 

Hii;h temperatur'C en1.hct.lpy mCdsurements (by drop c<llorirnetry! were carried out fr-om 400-1800 K by 30nnicl<:son (11). The 

high 'tempera'ture d81:0. il.:-e extrapo1dted "to 3000 K. 

MeIring Data 

S..-e !-tgA1204 (n table. 

Refcrenc\::s 

K, Grjothcim, O. Herst,ad and K. S. Johdnnessen, Z. I\norg, Chern. ill, 257 09E)4). 

2, D. E. Rao dnd V. V. Dddupe, J. P:-tys. Chern. 2.l1 537 (1967). 

J. A, Na.Vl'Otsky dnd C. J. Kleppa, Inore. Chern • ..?, 192 (956) 

ti-. A. NdV!"'Olsky dnd O. J. Klt'PPd, Inorg. Nucl. C!'I.ern. 21, 2701 (1967); 12, 1.17g (19G8). 

~, JANflf Thermochemicdl Tables: Y.gO(c) dated 12-3}-65; t1g(g) dated 9-30-52; Al(O dat~d dated. 6-30-72; 

SiCref) ddted 1-31-67; ddt~d 9-30-65; ((ref) dated 3-31-61; fdCl(g) du'ted 5-30-70; 

6. Yo.. A. Zdionchkovskii and V. RuDa.l'akaYd, Izv. M:ad. Naur:. SSSR, Neor-g.w. Hater-idly';', 

7, K, Gr'jo'theirn, 0, Herstad dnd J. M, Toguri, Can. J. Chern, }.1, 41<3 (1961). 

B. R, L. Altmdn, J. Phys. ehem. ~, 356 (1963). 

9, Grjotheim, 0, Herstad, R. Skal~bo and J. 11. To&uri, Can. J, Chern. ~1.J (1953). 

10. R. io/. Taylor and H. SChmalzried, J. Phys. Chern. g, 21./.41< (1961>). 

ll, j, D. Trctjakow and H, Scr..malzried. Bt:r. Bunst:nges. Physik. Chern.,~, 396 (1955), 

12. [, G. King, ,J. Pl:.ys. Chern. 12, 218 (1955). 

13. K. Bonnickson, J. Phys. Chern. 22, :<20 (195S). 
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Magnesium Aluminate lMgAI 

_____ ~ibhs!mol----. kcaIjRlol-----_ 

T. OK Cp~ s~ -(GO-H"nll}[r W-WJ1It .o.Hf" t.t.Gf" ~ Kp 

1')0 
zo, 
lOa 

3C' 

,-, 
bOO 

10'1::" 

lll')t) 

12(':0 
Dec 
11,.:)') 

1 SOl) 

1600 
I.e'] 
IBce 
19('') 

2000 

21:)"1 
2701 
13')0 

278111 

27~ 92'5 
B8741 
36."9B 

H.9n 
39.2"14 
4:;. HZ 
41.35) 
42.?7.7 

.. 3. 01 ~ 
'o3.'V'! 

46.6"!!. 
41. )41 

5'5.C'1C 
'.is.GOO 
55. os'.: 

5'5.0"('0 
')5."!0C 
55 ~ J() C 

lB.786 

31l~ Q5S 
41.177 
55.520 

6??f.<; 
/ls.no 
73.540 
7f\.354 
82. r56 

st.a1'> 
Q"l.597 
9 .... 132 
97.45" 
IOO.6~6 

l'll.59<; 
lO6.444 
l09.'.iEHl 
Ill.561 
115.383 

1111.('166 
12'~ 625 
!2"l~ e1C 

38. H16 • COr] 

"loS.lS7 .0')7 
)9.9')1 }.130 
42.310 Q.60'i 

.r..S.C86 IC.3tC 
47.915 14.172 
'50.1344 1 ~.15 7 
'53.611 22.24"5 
56.332 2t.42" 

'58.9n :le.bSF. 
61.4(11) 1S.",)r. 
61.7B8 1'1.441 
b6.076 43.931 
68.274 loA .499 

7C. JB9 ';1.13C 
12.4;>'6 51.SF 
74.4Cl, 63. T3C 
76.33':> I;, B. ~-;C 
18.21 r; 74.Dr:' 

RO.<;')2 
fjl.6JfI 
63.518 

?4C_"! ____ ~~:'}~"'_'i.. __ )]_5_"_,H~ _. __ ~~~l!} ____ 
2';')') 5'5.C('( 121.6'>5 a6~q23 

261)') 55.:)')0 12'1.61? 6e.532 1:>7. )3C 
210C ')'j.O"( I3l. q!H! 90.09'0 112.A3" 
29')0 5'S.C:)!' 13). E€<; 91.626 118."lH 
?'1 .... c 55.0"C 11"i.At9 9).t 1'1 12".f! ~c 
}oor; 55.0(,( J 37. 683 94.513 129.HO 

June 30, 1972 

- ':--;9.1.41 

- ')"'19.6408 
- '50<) • .0/14 
- se9. h<;'5 

- <;09./,"'7 
- '>09.2:4" 
- 5-:9."14 

508.8'19 
- '51 '5. SQQ 

- ,)15.633 
- 51'>.332 
- '514.99B 
- 544.99B 
- 544.1'/3 

- 541. }:'>l 
- ')42.41C 
- "40. 7Cl 
- '539. :::05 
- 5J1.37C 

- '51'5.645 

- 48').618 

- 4f!5.469 
- 477.31<; 
- 1069.275 

- 461.(12 
- 4'51. tfn 
- 440;..1'<1 
- 417.??6 
- 4?S.716 

- 47"."?'l 
- 411. v., 7 
- 4J1.6<14 
- '<B.5!lS 
- 31;2.801 

- 372.012 
- 361.3'14 
- 35,).7 Q l 
- 34".2GlI 
- }29.S 19 

- 319. '54Q 

,<;'5.961 

35J.664 
1.6~.fl25 
2C"i.lZO 

lb7.996 
1'<1.49, 
121.621 
106.1 n 

'n.M1I3 

A).451 
1". Gil 
67.69'1 
fd.4"? 
5'5.714 

'l0. A?3 
r.6.460 
42.')97 
39.1'." 
36.048 

);.256 
- 'l33.9AI, - 3!'9.2'H 10.726 
- <;'1?';><~ - 799.111 70.473 

_~ __ '5_3_D_"_f:.."'_L __ ~_ ?~q~ ?)} ____ }_t:.._g ~ 
- S?Q.26C' - 278.9!N 74.1S9 

- S?7.44(, 

- "i2S .R13 
- 663.0')6 
- 660. '146 
- 6'58.848 

- 269~ /"Ie 7 
- 2')9. tel 
- 247.')91 
- 212.789 
- liB .OSP; 

22.1.12 
7C.97) 
lQ.);?'i 

11. S4) 
1'l.RAfJ 

A.I 

:1AGI1£SIUM ALLiMILlAT£ 01g,1\1
2

0
4

) ( LlQUID) Gfi1 ;:. 142. 21'l5 

:;;2::;8,15 .: [38.786 J gibhs/~l ->lif;:;S 15 -509.541] kcal/mol 

Tm ;:. 2408 20 K "Hm :. [47 5] kca.l!lTlol 

liedt of rorrndti.oll 

The l:.lIf Z!J8.15 (l!gA1 2 0lj' t) : -509.461 kcalll'l'ol i~; oD;<J.ined by adding the heat of Il'€lting, dnd 'the differenc.e between 

ilZ 4 0S-I!Z98 for 'the c~ystal and liquid to the heat of form"t.ion of the crystdl at 298 K. 

ileut C,'l.?acity and EntY'Opy 

A Cp of 55 gibbs/mol is estimated from "the heat capdcities for MgO(t) ann 1\l203(tl (1) This Cp is used above it 

hypoth<:c'tical glass tr'a)",s.1tio!1 at 1700 K. B-elow this remper<l.tu're the Cp is 't<lk~n ciS that of t:he cr'ystal Tt-.e 

S;9B(t~gA1204) .t) : 3B.7a6 gibbs/mol is cdlt;ul.sted in a manner similur to th,n of the heat: of formation, 

:·le1tinp; D<lt,:; 

Rankin and 11erwin (2) studied the binary system alur.rina ... molgn~sid .:;nd detected HeA120lr which melted at: 2135 20~C 

(2406 X). Wilde dnd Rees (1) confirm this value in d Idter paper. 

Refe'rences 

JAtJAf" Tllerl1lochel':'iC<l.l Tables: !"lg0(l) dated l:?-.31-65; da'ted 6-30-72. 

2. G. A. Rdnkin and !I. L Ner-win, J. tuner. Cherr. Soc. ~!'., {I 916,. 

3. To W.i.lde and W. J. Retos, Trans. Brit. Ceramic Soc, ::1, l?J (1943). 
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Aluminum Suboxide (AIZO) 

( I dea I Gas) GFW • Ei9.%24 

T. oK 

100 
U::l 

'" 
30C' 
4('2 

500 

bee 
10') 

'" 900 
1')01') 

nec 
tZC" 
1300 
\400 
1')01) 

1600 
i70a 
lROO 
190') 
20M 

2101) 
noD 
2300 
240'1 
2500 

7.600 
?n:) 
2AOO 
79",) 
30CO 

3100 
32(10 
33')0 
3400 
3,)CG 

3600 
l1CO 
3800 
1900 
'0,)00 

41CO 
4200 
43JO 
4400 
4500 

4600 
47JO 
4S(1) 
.t,qc:) 

'Sooo 

5101) 
'i20a 
'DO') 
'HOC 
5')')') 

S6CO 
'S100 
'5800 
St;l[lO 

6~O1) 

~---gibb5/IDOI---_ 

Cp" so -(G"-W'DI)[f 

.'JC'''' 
8.031 
9.016 

LO.n7 

10.3'19 
11.4·:;2 
12.083 

1Z. 'jJ~ 
12.8'S? 
D.Ot) 
13.213 
11.)53 

[3.4010 .. 

13.') t.c. 
13.57c 
l'3.61'5 
n.b'S.? 

L3.bel 
IJ .. ra 
13.72'9 
13.741 
13.76.) 

13.771:: 
l3~7S6 
1).He 
13.907 
13~Bi5 

11.812 
13.fi29 
11.63 .. 
13.6)9 
13.84&, 

13.848 
13.652 
lJ. 85 ~ 
11.8S .. 
lJ.661 

13.664 
iJ.867 
13 .8M 
Il.A71 
13.61J 

13.815 
13.616 
13 .878 
l3.S79 
13.881 

13.881 
I 3. 86 ~ 
B.Ra .. 
13.BB5 
13.886 

1'3.861 
n.Ra ... 
I3.S89 
n.a90 
11.9QO 

13.S"H 
13.8"12 
l3.eq2 
I J.. B93 
13.SQ,.., 

.so:::r: 
';i!.Oqt 
56.92'0 
bC. FJ7 

be ~abl 
6",. qq<:l 
66 ~621 

68.861 
70.B2'"l 
7l'.'5'57 
14.1ct: 
75.507 

76.764 
71.951 
19.04t 
AC.048 
!fQ .989 

A l~ all 
82 ~ 7:) 1 
.H.485 
64.228 
84.9-:'4 

as. bet'> 
11.6.247 
86. AM 
67.447 
a8.('11 

813.'5')3 
89.C75 
6'il.'51€ 
90.061 
<;1C.,)B 

90.987 
'ill.4l6 
'H.e~3 
92.266 
'ill. 666 

93.C'SQ 
93.43<; 
'1:;.80(' 
94.169 
94.S}C 

94.862 
<:IS. L 'iI1 
<;15.523 
9'i.942 
'It.. 1'54 

Qb.loSq 
96.7'58 
"17.050 
97.337 
'n.6t7 

91.sn 
98.167 
98.4]6 
98.686 
qe.941 

"1".191 
99.411 
99 ~6 79 
9".910 

1 t; ') ~ 1'SC' 

iNnN!fE' 
0"l.129 
6\.711') 
00.7<:,7 

60.191 
61. Zl ~ 
62. ~4'" 

6l.<:I9R 
63.<:180 
64.94(, 
6'5.87';! 
66.773 

67.626 
68.438 
(.9.213 
69.<:I'H 
70.656 

71.330 
71.974 
72~ 59l' 
1'3.185 
73.7'55 

7.t..JC4 
74.8)} 
7,). ~"'2 
15.834 
76.J10 

76.710 
71.}l? 
11.64>:) 
HI.C6'>l 
78.477 

la.en 
79.?~8 

7<;.611 
19.99'< 
130.3<;"'.. 

eO.l03 
Al.'::4l 
8!.373 
81.696 
S7.:113 

82.32.2 
82.624-
R2.911 
I1:3.211 
e'.49') 

1'03.173 
64.047 
64.114 
8'('.577 
e4.S3'5 

~!t .o~q 

"5. J3 7 
8S.'582 
8'5.82.2 
66.c')e 

86.291 
86.'i1 <:j 

1'l6.744 
86.96'> 
!H.l~) 

- k(:al/mol----~ 
H"-Wua 6.Hr' 

- 2.bO" 
I.AC4 

.9')0 
.ooe 

.019 
I.lt 2 
2.26<; 

~ • '52 I 
4~ 7n 
6.(lRq 
1'.40'5 
0.134 

I C.074 
Il."77 
Ll.176 
14~ 136 
15.499 

16.1366 
lE1.236 
19.607 
7C.<l81 
2,?1,,)1 

134 

;>t:>.491 
27. R72 
29,2'53 

V".6l'.i 
n.:117 
H.40C 
3 .... ~ 784 
Je;, .lb8 

11'. ';5 ~ 
1R.938 
40.173 
41.7C9 
43. 1'1'')<; 

4-..4A 1 
45.868 
1,7.7':04 
48.641 
')".029 

'.il.4l6 
52.8'14 
')'4.IQI 
55.')79 
56.967 

')8.35'5 
'l'9~ 741 
61.137 
62.520 
bl.91'<;1 

b";.Z9S 
66.686 
bfj .07') 
6'1.464 
7 O~ 851 

72.l"l 
13.631 
1').:)20 
76~4l ~ 
17.79'; 

- ~2 .174 
- 32.137 
- 3Z."i22 

n.ooc 

- B.<;CC) 
- 33.107" 
- B.<1ll 

- 34. ~84 
- 14.e17 
- 35.4('8 

16.0')23 
41.113 

- 42.17J 
- 42.<;I6'S 

(.3.S')'S 
- 44.14(. 
- 44. 136 

4'S. ~2'" 
4~.91.'i 

106.;04 
41. (19'5 
47.686 

48.?Al 

<;0.07C 
- ">c .611 

51.273 
51.8TII 

I'H.:H'4 
- I'H.)B9 
- 19 1.47') 

- I'll. '563 
- 191.6<;3 
- 1':)1.744 

I'H.f\4f1 
- 191.9}<; 

- lQ2.CV. 
- 1920134 
- 197.2H1 
- l'U.>'4! 
- 197.4<;(1 

- 192.560 
- 1'12.671 
- 1'12.78 T 
- 192.9'.;, 
- 1.'1}'OZ1 

- 1'l3.\5i 
- 1<1) .l9i' 
- len.4\'; 
- 19)''''5! 
- 1<1,.694 

- lq] ~S41 
- 193.99b 
- 1<)4'}'56 
- leU •• J2? 
- Iq .... 497 

- lq4.MG 
- 1 '14. A69 
- 1'<').011 
- IQ').28C 
- 195. SCf' 

OGr 

- ;\2.314 
- H.641 
- 'H.4~b 

- ~q. T55 

- )C).a28 
- 42.029 
- 44. J 17 

- 46.ti4 
- 46.0"'0 
- 49.874 
- '51.646 
- '52. G7R 

- 54.071 
- '55. ICC) 
- %.097 
- '57~'nl:l 

- '57.9I,.C 

- '5S.~1)1 

- '5q.62'.> 
- hf' .412 
- 61.170 
- 61.6<ll 

- b2.5<;14 
- 63.262 
- f.3.A9A 
- b4.') 17 

6'3.1'":6 

- 6'i.61n 
6f,.l14 

- 6'5.013 
- 6:'. '.i6., 
- ')6.(149 

- '51.1)33 
- 47.) 14 

47.49;1' 
- H.972 

H.4107 

- le.'Hl 
- 24.382 

19.>.147 
- l~. le'5 

10 .. 76Q 

6.22" 
i .679 
7.81C -
1.426 -

11.918 -

1.6. '53"1 -
21.'188 -
2,) .. 6'i2 -
tC.2.?5 -
34.7B9 -

39.364 -
43.9)2 -
4f1. ')11 
'5'3.-:":13 -
57.671 -

67.2f;.2 
66.8"7 -
71.4-.5 -
76.t')43 
AC' .. 644 -

1960; S€pL 30, 1961; Sept. 30, 196-5; June 30, 1972 

LogKp 

INF 11.1 I 'f~ 
1&.1.'57 
4e.<nr:: 
1').163 

29.0t4 
72.96' 
19. Z.<i:3 

16.191 
14~996 

13.6?'1 
17.54\ 
11.5ra 

1'1.741 
1".0]1 

g.431 
8.<)(14 
8.442 

8.':'137. 
1.M:>') 
].'\;'5 
7."31> 
6.764 

6.514 
(::.2114 
".072 
5.815 
5. b'<7 

').52" 
'5. 36~ 
5.07<) 
4.')64 
4.C'8l 

3.633 
3.21l 
2.R14 
2.44l 
2.0M 

1.7<;S 
1.440 
l.l4\ 

• R5R 
.,)86 

.~nl 

.OB7 

.146 

.36<::; 

.,)fP 

,766 
.qSt 
t~tM 

1.348 
1.')21 

I, bEl7 
1.846 
? ~ "'JIJ 
2.149 
2.292 

2: ~ 4 '3C 
2.'361 
2.692 
2.At1 
7.9H 

(1DEAL GAS) GfW :: 69.9624 ALUMINUM SUBOXIDE 

Point G!'Oup 

S29B.15 ~ 0.05 gibbs/mol 

AI 20 
tJi[~ = _32.4 ~ 5.0 kca1/mol 

uHf;9B.15:: -3J.0 ! 5.0 kcal/mo1 

Ht~<lt of 

Ground State QUantum Weight 

Bond Distd.flce: .'\1-0::: 1.{;6 A 

Bond Angle: Al~ O-AI ::: 11.< ~. ! 5? 

?roduct of the Moments of Iner'tia.: 

T"oril'l<ltion 

Vihrational frequencies a.nd Degeneracies 

-1 
~ 
715 (1) 

·1 
~ 

503 (:i.) 

w. cm-" 

994 (l) 

TAIBIC:: 263.3850 x 10-
117 g\::mS 

Si.nce the c<u'ly work of Brewer- and Searcy Cd), there has been considera.ble experimen1:al data published on t.Hfi98 (A1 20, g), 

The more recent data is tabu.l<l'ted below, whe!"€ ['1Hf
29B 

!"efer-s to the heat of forlllation of A1 2 0(g) based on the Third Law ..:.Hr
29S

' 

:::.g:ference 

L 

3. 

3. 

'. 
s. 

5. 

7. 

s. 
9. 

t'ange 
redct:i.on ~ No.?ts. 

4Al(g) ... It166-172~ .12 

A1 20(g) = 2188-2591.< 17" 

AI 20(g) "' lAl(g) "'" O(g) 2036-2466 13 u 

Be(g) "'" 7Al(g) ~ BeC(s) .. lAlZO{g) 1511-1563 ll~ 

BeO(s) 2Al(g) lSll-ISS3 11'" 

(e ffus ion) 158 S -15 2J 

(effusion) J.S85-1623 

(press. compensation) 2009-2129 

(press. compensation) 2009-2129 

1313-1511 15'" 

1555 

l<Al(t) -+ !\l20](C) 1556 

A1 20(g) :: ZAl(g) + 1943-2093 

2Al(O +- 0.5 ::: [\lZO(g) 

A1
2

0
3

(s) .. 3A1
2
0(g) 

A1
2

0
3

(S) + 4Al{g) = 3A1
2
0{g) 

1443-1576 

1 .. ~3 -1 575 

1443 -l!:>7ti 

,. 
a· 

6Hr
298

, kcal/mol 

2nd L.a.;.! 3rd Law 

3.40 

282.!:1 

:?70.47 

-6221 

5.SB 

nL 73 

-60.73 

'+ 0.07 

215.35 

-29.54 

374.70 

39.02 

-29.58 

249.0ll 

250.67 

-42.16 

-36.93 

221.1. '25 

[,1.95 

281.1.34 

-17.67 

- 1. 32 

-19.46 

290.34 

252.01 

-42.35 

279.15 

-12 .01 

drift,-~ 

-20.75 

-111.37 

-8.62 

12.72 

-19.45 

~ 17.36 

~8.18 

15.05 

20.77 

-0.97 

1B.11 

- 8.34 

_63.04 

-33.45 

ilHf 298 · 

-39.33 

-33.48 

-'35.11 

-31.1.;6 

-30.73 

-55.98 

-27.85 

-35.96 

-35.46 

-29.91 

-35.99 

-33.95 

_36.45 

~ 3 S , 21 

_3.7.5B 

-33.50 

~ one point rejec:'ted due 'to failure of d statistical tes"t. •• two points !"ejected due 1'0 failure of a statistical test. 

Th", early wo!'].: following Br"ewer and Sea.rcy '1,) i.s numerous and is discussed and referenced by Farber, et tlI (!) and 

Rao dnd Motzfeldt (2). 

The value chosen for 'the heat of fOI'mation, 

a.bove with somewhut extra weight given to the wOrle 

g) = -33.0 ~ 5.0 kC<ll/mol, is representative of the values tabulated 

et ill. (.~), 

llea1. Ca.p<ici"ty dnd Entrooy 

Linevsky, White, and M-a.nn (lQ) invesriga'tect t}1e infrared ~;pectru.m of Al
2

0 from 4000-250 c.':I- 1 'the teChnique of matrix 

isoldtion of high tempe!"atut"e Two frequ.encies wez'e observed in an argon ma'trix, WI ::: 715 and "'3 = 994 cm-l. The 

bending mode was assl.\med to be 750 em-I. Compa..rison of tr,e!'lnochemicdl bond dissociation values for' Ala dtld with 'the 

dissoc1.<J.tion energy of and isotope studies (l.Q) suggest ~ <l syn"crnetricdl struc1:ure with C
2v 

symrl'.etry and an bond angle 

of lLf5@ ~ 5°. The Al-O Il:ngt:h was report~.j t:o be 1.66 A, <1 vdlue dependent on prin.cip<1.1 stretching force cons1;ant (!..Q.). 

Snelson (],J,J uSl!d d si.:r.i1a-:- m.atrix 'teel".niq'-:.e but studied 'the 'l."egion 2000-190 . Excellent agreement · .... as obtained for "'J 

dnci w) bu't bending mode W,J.S observed in 'the region 190-250 em-I. Force constcl.:1t ca1cul.:J."'tions by Snelson ell) indicated that 

Wi = 120 

l'1.:iko:.tiecJo:i, Lynch, and Carlson 1.11) investigated t:he dluminum family suboxides by the- same technique but eX'tended the infrared 

region to 40 ~m-l. For' A1
2
0(g), = 715.9 cm- l dnd w3 = 991.7 crn- l • No bands wero€ observed in the region 450-40 c:n- l • A bdnd, 

'l.ssignQc to w~, WdS obSE!r-ved at: em- l • This Ddnd is consistent with trends in the alu1'lli;1Um family 5uooxides (.!1) but lies at 

<l highe:-- fI'eqwency t/;,drl expected. Mdkowiecki, Q't d.l. (.!1) suggest the possibility of <l bond to forom a cyclic stl':'uc'tur-I!! 

1\ re-examination of Snelson's spcc'tra (1]) does show a.n absorption band in the region 520-530 bu't no mention WdS made as to 

'the ori&in of this band. :t should he noted tho.'t 't"e A1 20 mOlecule. 1S pred1(.:~~d by Wd1sh (1l~3~0 be linear. -39 2 

The three prlllc:J.pd1 moments of lner'tlCl dre caleuL:l.ted 'to be ().~105 x 10 ,22.1'584 X 10 ,t3nd 22.9&90 x 10 gem. 

Referer~~ 

1. L. Brewet' and A. W. Searcy, J, Am. Chem. Soc. 2].. 5308 09~1). 
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4. J, :Efimenko, Natl. BuT". Std. Rept. 9905, 1 July 1968, AFOSR 68-1924-:-
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9, v. K. KUlifeev dnd G, A. Ukhlinov, XZV. V y.'5sh, Ucheb. Zaved .• Tsvet. Net. 12 j 72 (1969). 

10, M. Linevsky, D. \.;'hite, ilnd D. E. Chern. Phy5. ~., 5421 (1964).-

11. A. J. ?hys. Chern. ~, 2574 Repor"t AfRPL-TR-70-113. Contract f04S11-69-C-0093, October, 1970, 
12, D. M. MaKowiecki, D. A. Lynch, 2!nd K. D. J. Phys. Chern. 7~, 1963 (1971). 
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Dialuminum Monoxide Uni~ositive Ion 

i alGas
) 

GF'\~ - 69,%19 

____ gibbs/mol ____ kcal/mol 
T, "K CpO S" -(G~-w_)rr HO-no_ dH" 

0 
100 
700 
2 •• te."''")5 61.625 61 ~bZ'5 .ooc Jr.6.0('(1 

'00 10.421 bL.6M Q 1 ~ 625 .Cl " 146. err: 
400 11.424 64 .834 62.041 1.11'5 146."3<1 
5':'C t2.<:0;8 67.46( t,2. RT4 2.2'H l4&.C'81 

60::0 12.551) 69.109 bJ.Bll 3.'521 146.122 
leo;: 12.861 71.6b'il 64. aI4 4.19q 146.nl 
.00 13.080 71.401 65. fSt 6.C91!. 14b.{l<:,l2 
qt';o 13.238 7"0.951 M.Il';> 7.412 14'5.974 

ll)(j') n.)!)? 'rh. )'52 67.610 e.743 14(,.722 

HOO 13.447 11".63(1 be.4b4 L·":l.083 140.622 
12',):;:'> n.St1 78. an 6'>.211 lI.43l 1'>0.52" 
DOO 13.573 79.687 '7C .052 12.786 140.1031 
1400 D.617 sr:. a9'j 7C.7 cH 14 .14~ (4f) .338 
ISO'] D.b'54 81.836 H.496 15."iOc) 141'\.245 

16(;C 13.6Sli 82.118 12.170 16.870 14~.1"2 

(100 13.709 83.'548 72.81S i 8.2'46 IltO.OSC) 
1801) D.HO R4.H2 13.434 19.61e 11Q.'1611 
19CO lJ.74e a5.C75 74.021 20.<;1'12 1:;<;I.A73 
7')0? 13.764 ~s .18! 1Ii.SQ7 22.361 139.17S 

2101') 13.717 86.45) 75.146 23.144 13<;1.68':' 
2200 D.78"1 81.C9l, 15.675 75.ln 13(1.582 
2300 13.799 87.107 76.184 26.50? 1)9.41;14 
24C: 13.sce AS.295 76. tin 27.RA7 13<;1.31'12 
2'i0'"J 13.816 8S .8SS 77.1S3 7<1.264 13<=1.21<: 

26CC 13. PoZl 8O;.4ce 17.614 3(i~b46 13<;1.!71 

2700 13.82'" 89.'H2 7s.eM ';2 ~ c? e 13'1.06'5 
2800 13.835 <;lO.IoZ5 78.4<ill 33.411 ~ 1 36 
ZQCO 13.84C QC.t;ll 78.912 3 4 0790:; .549 
1::100 13 ."144 <;It .380 79. no :H:.11<; .9'i<:! 

31 ~c n~aloo; 'H~ 834 1';.117 37 0 564 l.168 
32':'J I:; .8':>2 Q7.211o flO.102 1S.94<; 1.775 
3300 L'3s RSb 'lZ.1':C 8C.1071'1 40.334 2.18f' 
3400 l~. 8'3<; <D.UIo {lC.$41 41.77C 2.561 
3'i01 13.862 93.516 ~ 1.20') 4 3.1~6 2.'H!1 

36,); 13.8604 'B.9C6 81.547 44.t,Q) 1.181 
3700 IJ.flb7 'I/o .2~6 81.896 45.879 3.777 
)800 13.B6<; 94.656 82.218 47.766 4.11t 
WOO 13.871 9').Cl6 Al.541 48.653 4. St.4 

4CO:J 13.871 q'j.l67 82.6'57 '50.010,) 4.952 

410') n.815 95.71C E'J.161 '31.426 5. )39 
4Z00 13 0 876 qo.C44 83.469 5 2 ~81 '5 'i.12'i 
430.') IJ.8]f </60.371 63.76b '54~10~ 6.1L'o; 

4400 l3.B79 q6.6'l(l ~4. ('56 55~ 591 th485 
450:) 11.8P:l '11.002 84.340 560":)7'1 6.656 

4&00 13.8::12 '17,,)07 84.619 '58~ l61 7.232 
10700 11.88"\ <11.606 84~S9l ")Q.75'5 7.SQa 
48eo 13.884 91.a'Hl BS.16C &\ .l44 7.962 
4900 13 .81'5 qa.tlH S'::. 4.? 3 b2.'D2 8.123 
5000 13.866 q6.465 8'5.681 63.921 8.6'16 

'HOO l3.FlB7 9S.740 S'i. en,,- 6'3. leG CJ.025 
,zoe I3.6IH! 9Q.00Q B6.1R) 6606<;18 q .J69 
,30J 13 0 889 '19.214 9t:.4Z7 68.087 9.1C4 
0;4{l0 D.S9C 9Q ~S". 86.668 69.41& (". (136 
5'5()~ 13. f!90 qq. 7138 86~QC4 10.86'5 1('1.35(', 

5600 13 .891 101.(,)'9 87~lH 72.254 10.67C 
S7et) D.9'12 ICC.ZeS 87.}6'i 13.643 10.Q7Q 
5800 13. ~Q2 lOC~"iZ6 fl7.'5'F; 15.03} 11.274 
'59('." 1 3 ~ 11'13 Fir) ~ 7b4 Bl.all 7(',.1,22 11.56.? 
60Ce 13. gq4 IOC.991 88.,'):19 17.811 11.8)1 

J\.i!'1e 30, 1968; June 30, 197? 

(AI
2

O 
+ 

<lGI' Leg Kp 

137.4Pl - IOC.716 

137.427 - lO'J.lib 
l34. '566 73.524 
L3t.toQ2 - '57.'56J 

12ft.60q - 46 • .::11'1 
125.qn - V;!.'H,) 

l73.017 - H.bll 
121".162 - 2<;.IH 
li7.b71 - 7<j.711 

115.370 - 22.0:;22 
1l3.r:77 - 2').'594 
110.7<;4 - I S.b2b 
108.520 - 16~q41 

106.7/ofl - 15~4AO 

1C').'le'5 - 1l,.2(l, 
l~l. 727 - 11.07S 

q'i.4711 12. en! 
Q7.230 - 11.184 
94.986 - 10.380 

Q2' .141 - Q.b5? 
QO.514 - B.Q'll 
AR.2<H - R.3GC 
S6.'1"'S - 7.83a 
81.1\:44 7. ;30 

Ri.b30 - 6.862 
79.416 - 6.41fl 
76.871 - e.l'56 
A1.61lo - 6.10;") 
a4.467 - 6.153 

81.144 h.1'l1 
9C.CC9 - 6.147 
G2.76G 6.! 43 
95.4"15 - 6.138 
9F!. VI - 6.133 

t00.'H1 - 6.1211 
1'13.642 6.122 
116.337 - 6.116 
109.':124 - 6.110 
111.6<;12 - 6.1(13 

114. J5J - b.09b 
111.011 - b~ Ctliq 
ll'il.f:>'51 - 6.082 
127.297 - 6~1)1" 
1.210.922 6.067 

121.545 - 6~ (lbO 
13':l.l47 - 6. 052 
1'3Z .752 b.044 
1.35.3'56 6. e37 
1 "37.Q4C 6.02Q 

14('.525 6.022 
143.090; 6.014 
{4'5.b6'5 6.007 
t48.73(1 - '5. qqQ 
150. He '5.<;91 

153.334 - '5.9S4 
10,;5.815 - '5.977 
158.41<;1 - "i~969 

16C .9!:.5 - 5.962 
lb) .41'14 - 5.90;'5 

AI
2
0' 

DIALUMlNUM MONOXIDE UNIPOSITlVE ION (A1
2

0"" J (IDEAL GAS) Gr.,r " 69.9619 

Point Group [C 2v ) 

Si9B.lS " 61.6 .t 0.2 gibbs/rrol 

Ground State Quantum Weight" ['2) 

Bond Distance: AI-O::: (1.56] 

Bond A.11g1e: Al-O-AI::: [lSS~ .t S9 J 

Vibrational frcquencies and Degeneracies 

-1 
~ 

[700] (U 

[500] (1) 

t 1000 J (1) 

Product of the Moments of Inertia: IAISIC [1.1182 x 10-115 ) g3 cm 6 

Hea t of Formation 

oKf; ::: 145 .!: 10 kcal/mol 

lJHfi96.15" 1116 :- 10 kcal/mol 

The ionization potential of A1
2
0(g) has been r-eported to be 7.7 !: 0.2 eV (177.6 kcal/mol) by Po:'ter-, Schissel, 

a.nd I~ghram (1), and EMs been confirmed as 7.7 ! 0.3 eV by DeMaria, Drowart, oJnd Inghram (~). Other values repOT't:ed 

are as follows: 
!:.eference value, eV 

'].7 ! 0.5 

7.7 0.5 

8.5 !' 1.0 

7. 9 ~ 0.3 

8.20 ! O. l~ 

A value of 7.7 ! 0.5 eV is chosen ,is the ionization potent.ial fo!' A1 20Cg). This 54J:le ~alue is i'lise suggested by 

t.he NBS (1}. Using this value with IlHfi9S(Al20, gl :::- -33.0 kcal/mel, we obtain lIHfi9SCA120 "g) :: 1l>6 ! 10 kcallmol. 

He.! t C.!pael ty a.nd tr: tr-opy 

Thc mlccule is assu1:1e.d to be Den't by a.nalogy with AIlO, although both molecules are predicted to be linear 

according 'to Walsh (.§.). The electronic ground s'tate is dOUblet, since there is a~ odd number of electrons. The bond 

lengtr, is cstill\clted to be the SdJ;'.e as that in Al']O and the vibrational fY"equencies are also assumed to be close to 

those for A1
2
0. Since normally the Il".oleculc ought to be linear, the bending must occur due to the occupancy of 

an outermost: orbital with strong .. anaular Presumably "this orbital is occupied by a p3ir of electrons, one 

of which will be reJOOvcd in A1
2

0 , thus causing an opening of the bond angle. On this b.asis "the bond angle is estino.ated 

to be greater than that in A1
2

0. The individual of ~ncrtia are: I A " :(3.80 x 1.0-
39 

& cm
2

, IS" 

23.53 x 10-39 & cr/, and Ie " O.26115 x 10- 39 g 
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Aluminum Oxide, Alpha (O:-AI
2

0
3

) 

1.%12 

~---gibbs/mol---_ kc.al./mol-----
T, ~K CpO S" -(G~-H<>" .. )!T W-HQ21l~ .Hr .1.Gr' , ~ o V'> .00r) INr-INiT~ - 2.395 - 3<17. '594 - 3'n~ 5<:;4 

ICC 3.071 1 ~ 024 24.1QG - 2. ,~I 7 - ~QR.76Q - 392.132 
,00 12.2?O 'i.q4~ t1~711 1.553 399.934 - "HI'>.429 
,OR UI. S!'I'5 12.11<; 12.115 .'100 - 4 "').'i('''' - 318. (1A 

,CJ 18.'HH 12.n2 12.17S .01'5 - 4:;0. set. )78.0"'0 
.co 22.'16'5 H;.3'.5 12.'H4 2.150 - 4::;0.6'56 - ':no. 'J.j9 

500 2'5.366 23.70;7 14.61)0 4.'576 - 4:')(' .S8<) - 362."H),) 

6eo J6.8QQ 2B.522 lb.SH 1.194 - .lo(,C.loll - l'5').:'!:"; 
100 2r.Q46 32.151 1 S'I~ ",i'52 9.939 - 40(:.2D - 148.011 
800 2e.1'13 16.'»5 20.568 12.77" - 400.00q - 340.')6'1 
900 29. 3t 7 3'1.953 22.53') 15.617 - 3<19.R';l - 33Joll,J'; 

100r) 29.821 lo).C69 74.43') 18.614 - 404. BO~ - J7'i.HS 

11 co 30.l60 45.<in 26.261 21.638 - 404.')73 - 311~44'5 

lZJO '0 ~ 65, 4R.5!'12 2f1.012 2'4.6El4 - "04~H7 - lO9~537 

1100 '3t .0 .... 8 '51.(''50 ;.09.690 71.16e - 41J4~ 03'5 - ~Ol~649 

1400 31. ~2<j '53.36C 31.2<:)9 30.1'13<; - 403.732 - 2Q3.783 
1'500 '1.61fl "<;.<;3\ 32'.,:j43 ")4.Cl? - 403.4e9 - 28'i~942 

1600 H.R74 57.560 34.32& 37.207 - 403.Cl'>1 - 17Aol22 
1700 32.100 o;9.52C 35.1'11 4,).406 - 4')2.109 - 27[\.171 
1600 '2.:no 6] .161) 37 .123 43.626 - 402.339 - 262.544 
1900 32. /tee 63. III 3a.44~ 46.flb,) - 401."'61" - 254.189 
200)0 1].650 64.187 3<;1.72t 5C.I22 - 4'l1.512 - 241.;151 

210e 32.82C 6b.Hq 40.952 'iL)q<j - 4"'1.114 - 219.341 
2200 3Z.'PiO 67.9C<;l 47.143 <;6.666 - 4')0.76CJ - 231.645 
2 3 9~ ___ _ )?_o)_6_Q. ____ f:!~ j'2~~ __ ~ __ 4}_'!..S9_L ____ :2~..1.9~) ____ -__ ~'l0. 3?L __ =_ .?_23_,_9AL _ 

-gcr. H.Y'C iC.795 44.412 6'\.31f1 - ,Q9:Q2fl - 216 •• (,(1 

2501 33.510 7/.159 45.4·P:; b6.66C - ::,qq.496 - 208.66<; 

26CC H~6qC B.417 4b~'546 10.020 - 399 ~O'52 - 201.017 
27')0 D.61:1<:) 74 ~ 752 47. ~6 7 73. )"lIe - 3'Hl. ')"'19 l'n.432 
2600 H.OBe 75.9[1.7 48.560 7hA 1<;16 - 'Hb.Q<;'3 - la4.IAl 
2900 34.3~O H.li:n loG. 527 Sr:.21'5 - 5.5.9')0 ! 11.600 
300" )4.530 78.3")4 50. lobS IB.6St:. - 514_"33 1 '59.0'51 

,(""C'd ce, (rie,-, 

Dec. 

LogKp 

!NFINI IF 
8')7.441 
421~ 1 77 
271.212 

275.402 
202.442 
l')8.662 

1.2',1.465 
IOf:!.6'54 
'H. 0)9 
eo. Sqq 
71.1 t 1 

63.011 
"1':0.374 
50, HZ 
4'.1.962 
41.667 

31.9'90 
34.752 
31.817 
2Q.V)r 
76.9'::0 

24.908 
23.012 

__ ?1!.?!lJ._ 
1<:1.6<:)1 
18.247 

16.8<;9 
1').6':.7 
1 .... 316 
12.932 
11.5$17 

AI
2

0
3 

ALUHItillM OXIDE:, ALPHA (a-A1
2

0
3

) (CRYSTAL) Grw -= 101. 9612 

(,Hf; -= -397 _ 6 0.3 kcal/mol 

5298 ,15 12.175 0_02 gibbs/mol f,Hf 298 .15 ~ .1,00.5 :t 0_3 kcallmol 

TIn ,,2327 5 K .1r.m~ -= ?8.0 1 kcal/mol 

Hca't of formation 

'the adopted ilHf<l is from calorimetr'ic heats of combustion meas'J!'ed by Hah (1:.) and Holley and Huber (Z). E.arly 

measurements of the heat of combust.ion as A1 were seriously biased (1), but: the sources of bias were minimized in later 

studies_ These studies yield uHf e values of -1400_5 ! 0_25 (;ll, -I.:CO.~ ~ 0.3 (:?l, -399.2 :! 0.3 (}), and -<>02 :! 2 or 

-400.6 ! 1,4 (~) kcal/mol after conversion to the present atomic .. eight of Al. 

c.Hf~ may be compared with value~ of -401,8 ! 1.5 kCi:ll/mol and -!405.2 ! 1.S kcal/mol derived frol'a equilibrium data 

involving gaseous Alel 3 (~) and crystalline Alr3 (§). respectivel.y_ Third-law a.nalyses of the data give Cli-lr
Q

(298.lS K) 

81.4 1: 1.0 kC<ll/ll'lol (entropy discrepancy of S.O!: 1.2 gibhs/r:lOU for Al?03(c) + 6I1Cl(~) ... 2AIC1 3 (g) + 3H ZCCg) and 

lIHr-(298.B K) '" 9':3.3.t 0,6 kCil11"''Jl (entropy discrepancy of -0_5 ! 0.6 gibbs/mol) for 2Alr3 {c) .. 3H
2
0(g) .... A1 2 0 3 {c) 

5Hr(g}, 

Heat Cap.'lcity and .Entropy 

CpO is from Ditmars dnG Douglas (.2) who tabulol:ted functions from 0 to 1700 K_ These func'fions were dcrivt;,c from 

Cpe rlata (J.3··380 K) nle<'!l.sured. Cdr'lier (.8) on the CaloT'i~etry Conference Sample and new enthalpies {323-1173 Xl meitsur-ed 

(~) or. 1'3S Standard Reference :1d.terial 720, Entropy and enthalpy were obtained frorr, Cpo based on $13::: 0_0016 gibbs/mol. 

Ditmars dnd DOI.I~I<l5 (2,) derived ...In enthalpy equation for 'the range up to "}257 K by inclusion of high-temperature 

enthalpy da.ta (1173-2257 K) from West and Ishihara (~). We 'l.dopt Cpo. as calcu1dted from this equation but I:\odify the curv~ 

slightly above 1700 K in order 'to make the extrapolation above T:n more suitable. The 1iter'atul"'e contains many other 

measurements of Cpo or HO above room temperature; the thorough compari.son of Ditmdrs and Douglils (2,) included some'tw-:enty 

of these studies. 

)~<:=):ting Data 

Sec AI 20 J 'Z)-
~~_~~ences 

L A. D. Mah, J. Phys. CheTn • .§,l, 1572 (1957), 

2_ C. E. Holley and E, J. Huber, J. Amer_ Chern. Soc_ 2l., 5577 (1951). 

3. ? t_ Snyder and. 1I. Seltz, J_ Amer_ Chem. Soc. ~. 683 (1945). 

A, Schneider and G_ Gattow, Z_ Anorg_ Allgem_ Chelll. 112, .40 (lgS<». 

S. ;.;_ fischer and R. Gewenr, Z, Anorg. Allgem. Chern. 109,17 (1932). 

6, v. I> l1a.shovets ~nd B. r. Yudin, Izv_ Vyssch, Ucheb. Zaved., Tsvet. Met:. 2. (lj), 9S (1962). 

7. D. A. Ditmars and To B. Dougl.!s, J. Res. Natl. Bur_ S'tC. 7SA, 1101 (1'971). 

8, G_ T. furukawa, T. E_ Douglas, R_ .E. McCoskey, and D. C. Ginnings, J. Res. Natl. BuI'. Std. 12., 67 (l956)'~ 

9. [, D. weS't and S, Ishihar.J
J 

U, S. Ilatl. Bur. Std. Rept, 9028, 71, Jan., 1965; additional da.ta 'to be published_ 
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Aluminum Oxide. Gamma ( y- A1
2

0
3

) 

F_:itall GF'II.1Ql.9612 

I T, ~ ~gi:bsJmo~~~ ~H'~_~W-_--k~II:~()J~--
Log K. 

100 
2C'e 
2911 18,865 14.3'::10 14.3':'') e·10C - 3Q'j e200 - 17l.'HI 711.7'11 

)C'f) I A.9IJl 14,411 14.D·) .03'5 - ~"5e 206 - ~n~ 377 772.oeo; 

4:)C 22.96'5 20.473 15.099 Z.I'SC - 395.3<;6 - 3b6.06"1 ;:><)<).010 

'01 2.,)."\1>0 ~5 .fl~1 H.n., 4. ~7t - )9'>. ltlt< - He.752 I Sf.. BIO 

6('0 26. B<l~ 3C.647 16.6'56 r.l94 - )95.171 - ?!'5t .46C' t28.0 19 

TOO 21.Q46 34.876 zr.677 '>.93<; - )Q4. 'H3 - )44.198 1(:7.463 

le.n 3 18.660 22.69) 12.174 - 3910.709 - 336.9l::'1 92.056 

29.317 '-2.C7f1 24.660 15.&77 - 394 ~ 5'51 - 379.761 80.017 

<'9.821 4'5.194 26.500 la.f.)4 - )9CJ. '500 - 3n.20C' ?C.lo1? 

lie,:: )C.26C "8.C'l7 lA.366 21.b)!! - 3QQ.2H - '\14.41'13 62.4B2 

lZrJ0 1(.6';) ,)J.7'J1 30.1 )1 24.664 - 1Q9.fll! - P6.787 '.l'i.S1'3 

l3'J'J ~ 1. J .... a 53.i75 31.815 21 a761'l - 398.73<) - 2"19.111 5C.2B5 

14r)C '11.329 '.i '5~ 485 J 3~ 424 3(.885 - }"IR.432 - 291.<o'5f1 45.499 

1~r;O 11.618 51.656 ~4.q68 34.':'32 - 19S1. lC"~ .- 2'l3. '33(' 41.354 

lbCC "'\1.814 '59~ 1':'5 16.4,)L "n.70] - 3"17.76 1 - 276.222 37.130 

11r;0 12.1::10 t.1.64'5 H.SU. 4r;.4C6 - 3<H.4(1C) - 266.b36 34.'53'5 

laQe n.ne 63.48'5 39.24B 43.t.26 - 3"17.039 - 261.069 31.6'lS 

1'<0:) 32.480 6'i.J36 4C.'570 46. Bt.') - ~96. f.~f') - 253.'527 2'L!6l 

2:)0') H.bS:: t.6.qr.7 41.1J46 "it .1l<.' - }"16.272 - 246.007 26.8B2 

2100 H.8le 68.5e4 43. Cl1 51. )"15 - H5.814 - 21f1.'503 24.AZI 
_':ZfN _. __ Jl __ 3_Q_O ____ _ Ul.'!Q.~~ ____ ~~ _0_2_6_8 ______ '2.~ !~~~ ___ =-__ ~_9_5_._4..f!."2. __ : _?] 1~ ,??_0 ______ ~~._ 'l~g 

2310 B.16(' 71.5'::5 45.421 '5q.QQ) - )Q5.052 - ?/3.'5'5C 21.242 

24CI'J 33.:nO 7?.'ilZO 46.'511 61.31 P - 1"J4.628 - 216.IC.O 19.61Q 

2')01') 13.'510 710.284 41.62') 66.b6~ - ~Q4. I q(; - ;Ui8~678 113.2"3 

2600 33.6'10 1'5 .. 6C2 lo80671 1(. :ZC - H3.1'i7 - 201 ~2f,2 11:' ~ql a 
271)1') 13.8110 76.1177 4q~692 73.198 - 3'n~lQ9 - 193~81C 15. M3 

280C 34.cec 7B~ 112 5(.61':1'5 16~ 7'16 - 'ill .bl») - t84.331 1.10.427 

290·' 14.3 ... .., 19.312 51 .. 6'S2 at.ll,) - '510.6'50 - 172.463 12.Q(11 

3000 34.5)0 BO.4]9 <i.?5'H 83 .. 6'.>6 - '319.6)3 - IbO.Il6 11.665 

'(C V I J r -, S'q;J' 
,0 J Y ,-' 

Dec. 31, 1965; ,TUne 30, 1972 
--------------------~ 

ALUMINUM OXIDE, GAMMA (y-A1 20
3

) 

S;98.15::' [14.3! 1 S1 gibbs/mol 

h. :: (2291] K 

Heat" of form4ticn 

(CRYSTAL) 

AI
2

0
3 

GP..I ::: 101. 9612 

6Hf; :: unknown 

1l.Hfi98 15 -395.2! 3 kcal/mol 

~Hm° :: (7.2.5) kcallr.'.ol 

cHf" is calC1Jlated frofl'. that of A1 20
J
'c, a) .and ",Hr c -5.3 kCdllmcl for the irreversible process y - a. YOKokawa .and 

Klepp.a Cd) detc'('mined nHr" for the two forms froJ:\ the diffel"'ence in their heats of solution in 4n oxide ;fIel t dt 978 K. Our 

adopted Cpo implies th.at uHr G is independent: of ter.'lperature. We a!15ign tI.:J ur.certain"ty of 4bout: 3 kcal/mol to emphasize that 

samples of y-phase ca.n show considerable v3riabili"ty, depending on their' his'1tcY'Y, and still retain the often diffuse X-ray 

pattern of y-A1
2

0 3 . Yokokaw .. .and Kleppa studied the v4ri.ation of heat of solution with temperature of iQ;nition for samples 

obtained from three different starting lMterials. Appearance of different crystalline fOr:TIs was followed by X-ray patterns. The 

r<lr:.ge of ignition temperdtu!'es. fo!" which y was the only observed phase varied from 600-BOO~C to 900-1200·C for different starting 

lI'.ateri.!l.ls. Lower ignition temperatures gave values of lIHr more neg&tive than -5,3 by up 1:0 2.5 kcal/nol. fJHr:: -5.3 W<:I5 chosen 

q) from 'the highes't ignition 'temperatures prior to the appe4ra.nce of more stdble phases; this should cOM'espond to maximum 

dnneal ing and minimum imperfections in the cryst'al. 

01:h-er reported values of lIHrO(y .... 0) include -7.7 ACdl/mol from Hf-solution calorimetry (1) and .11.0 kcal/mol from DTA 

studies (}) near 1200eC. These reports gave flO det<tils on t:h~ s.amples of y-A1
2

0
3 

or the ac'tual experimental measuremen"ts. Roth 

(~) measured heats of combustion of mixtures with paraffin oil and derived 6111"0 :: -7.8 kcal/r:u>l after correction for incomplete 

dehydration of the 5.smple. Crude values of Mlr'"(y .... ().) Il'Idy be derived by difference from various thel':?ochemical reactions; these 

include -3 (,?), -15 and -23 (§.) kcai/mol. The more negative values probably involved gross thermochCT;lical errors or s4r:1ples 

other than pure y-A1 20
3

. 

Heat Capacity .snd En'tron 

Cp~ is d5sumed to be identical with that o{ ct-AL.?03' SO is selccted arbitrarily so tiLat 1l.Gr-(y ... cd approaches zero near 

2500 K. This is consistent: with the view tha1: y-phase is unstable with respec't to c-phase a'!" all temperatures below i'm. The 

conversicn y ... Cl. is a.ctivated kineti.cally at t-emper.lturos of 1000 to l:JOO°C (1). 

The adopted S" is 2.12 gibbs/mol larger· than thdt of o;-AI
Z

0
3

, uS;<Q .... y) :: 1.56 gibbs/mol W4S estimated by Borer and 

Gunth.e.rd (2) for the "defect" spinel struct.ure of I'-A1
2

0
J

, assuming the Al cations dnd vacancies to be r<'l.ndomly distributed over 

all avai.la.ble s.ites. Alt~rna1:i\le. ir~:teT'pre'tat.ions (§.) suggest tnat random distribution may be :'imi'ted to just "the tett'ahedral 

or just the octahedral spinel sites. Ervin {~) attributed the varia.tion in pl"opcrties of r-Al203 to various stages betWeen 

disor-der dnd order of the Al cations. In contrast, Cowley (1:,Q) suggested from electr'on-diffraction data that all or most of the 

vacancies could occur along f&ult planes in the cubic, close-p.!cked lattice of oxygens. These various structural interpretations 

raise doubt dbout the validity of the estimated liS; (2). 

Melting Data 

Th€ hypothetical melting point of meta.stable y-pha.sc is Calculated as the ter.lperature at which dGr-(y ... £) O. l!.Hm° 

is "Ie corresponding difference in 6Hf o • 

Ref~ 

1. T. Yokokawa and 0. J. Kleppa, J. Phys. Chem . .§£. 3246 (.1.954). 

2. P. C;::,oss, C. Hayt.\an and R. H. Lewin, Fulmer Res. Inst. Rept. R.16J/321September 1968, 

3. V. l<ostolf .. u'off and H. Roy, Silicates Ind. ~, 9 (l963). 

ll. w. A. Roth, Angew. ChE.HI' .. ~, 198 (1936). 

5. R. Barany, U. S. Bur. Kines RI-62bl, 8 (lS63), 

6. H. W. Woolley, D. D. Wag:n.an, W. H. EV.!I.n5, T. B. Douglas, D. R. Lide, and L. A. Kt'icger, U, S. Nat!. Bur. 
pp. 74-80, Jdn. 1, ]959. 

7. W. J. Borer and H. H. Guntharcl, Helv. Chim. Acta. 22, lOI.J.3 (l970) . 

{I. A. Nav'C'Ot:sky and O. J. Kl~pp.a, J. Tno['&. Nucl. Chcr:I. ~, 2701 (19671. 

9. G. Ervin, Acta Crystdllogr . .?" 103 (1952). 

10. J. H. Co, ... ley, Act:~ Cryntallogr . .§.. 53 (1953). 
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Aluminum Oxide (AI
2

0
3

) 

(Liquid) GFW" 101.%12 

----g1bblli/mol---- kca.l/moi----_ 
T.OK 

o 
100 
200 
,oa 

'OJ 
,.00 
500 

.00 
100 
BOO 
900 

1000 

noo 
12CC 
1300 
140:1 
1500 

1&0·) 
1-ro;;': 
1800 
190C 
2001') 

Cpo S" -(G~-H"D')rr H"-WItt, 6.Hf' 

lS.flSS 

18 ~ 961 
22.9&5 
25. )6(: 

26.6'19 
n.~4b 

28.113 
2'l'.H7 
29.621 

30.260 
lO~ 653 
)1.00a 
11.329 
lJ. blB 

11.614 
"0.000 
40 ~ooo 
40 .. 000 
40.000 

2l .loll 

21. SZE 
27.S85 
32.988 

H.7'.iB 
4l.I:JSe 
"5.112 
49.1GlO 
'i2.305 

<;5.168 
'H.Sl8 
be.zab 
62.SSt6 
64.7MI 

66.6l6 
bQ.241 
11.'528 
73.69C 
7'5.HZ 

21.411 

21.412 
22.210 
23.837 

25.7oB 
27.7S8 
2'1.804 
31.111 
B.6Tt 

35.497 
37.248 
18.'176 
40.535 
42.079 

43.562 
45.0e2 
46.413 
47.192 
41!j.139 

.coo 

~ 03 '3 
2.150 
4.576 

7.1<:;4 
'iI.'H9 

12.174 
15.677 
18~6H 

Z1.6'38 
24.684 
27.76€ 
30.1185 
34~ 032 

37.201 
41.201 
4".207 
49.l0? 
53.701 

- 317. Bqe 

- 377.9('\4 
- 378.(0'54 
- 377.981 

- )77.61<1 
- 371 .611 
- 317.401 
- 377.21.09 
- 382.(98 

- 38l.97(; 
- 3Al.1l4 
- 381.43) 
- 381.13(' 
- 380.B06 

- 380.465 
- H<1.1Cb 
- J7B.l56 
- '377.016 
- )75.e84 

AGr 

-- 158.32'1 

- 3')5.209 
-- V;t.611 

345.005 

- J'3A.424 
- 331.874 
- ,l'5.3'5& 

11A.6'5Q 
- H2.009 

- 3t::5.0C3 
- 2<JS.0 If!, 
- 291.0'54 
- .;0$4.112 
- 277.[Q,) 

- 270. zo;e 
- 2b~ .448 
- 2%.(-.&3 
- .?4q~'146 

- 2it3.2<10 

ZlOC .. C.OOO 77.694 50.452 57,201 - 374.160 - 236.6138 
22('1') 40.0:;0 H.'.i"i'5 Sl.rn bl.lO? - 373.646 - 230.Lit1 
2300 40.000 61.333 '51.982 6S.2C1 - 312.'536 -- 223.638 
2'400- -- -- -4-0-.-66, -- - B3:CJ 5--- --S-4i.-f99 --- - -"6-9.2D7 ---::. -j7 J: 43''- ---..,:- -iff:fe6 
2':.i00 4;).000 84.MB 55~JB5 13.707 - 370.347 - 210.1SQ 

26QC 
2700 
280('1 
29(,1": 
VJO'1 

)laO 
,200 
noo 
}4IJC 
3500 

360e 
j7::l0 
3800 
39CO 
4000 

4,).000 
40.OiJO 
40.00(' 
<OO.Of''.: 
40.000 

40.onc 
40.000 
40.000 
40.0CC 
"'0 ~o')o 

40.COC 
40.0')0 
-.0.000 
40.000 
40.00C 

86.231 
81.746 
8'1.2'11 
'9C.6C5 
'9l.961 

93.212 
94 ~ 542 
95.173 
96.<:J67 
<IS .121 

9<;.254 
100.J50 
101.411> 
102.4'55 
\03.'068 

56~ 542 
<;1.67C 
58.77:) 
sq~a44 

6('. aStZ 

61.<:HS 
62.o:nS 
63 ~8q2 
64.1:141 
6'5.7A2 

66~6q6 

67.'5'11 
b8.467 
6">. JZS 
lO.lM: 

77.2eI 
Bi.201 
85.201 
89.lI'J i 
113.207 

1B.2C1 

- 36<:1.263 
- )68.! s!:! 
- 505. Q4C 
- ')04.3% 
- 'i02.7ar 

- 501.209 
- 49<1.646 
- 498.0e9 
- 4'16.'542 
- 494.991 

- 4'n ~460 
- 491B9Z9 
- 490 ~-4C4 
- 4f1f1 ~eez 
- 467. )70 

- .2Q4~424 

- 198.107 
- 190~ 166 
- 178.Q17 
- l67~119 

- 156.515 
1lo5.464 

- 1)4.441 
- 123 ~449 
- 112 .. 500 

- 101.586 
- 9C'.n'5 
- 79.9C1 
- 611.111 
- 5R.HB 

Dec. 31, 1960; Sept:. 30. 1961; H.'!.r. 31, 196<1; June 30,1972 

l....og Kp 

262~ 662 

ZbO ~9')5 
192.il1 
150.S02 

123.271 
l01.bl6 
88.S63 
77~429 
68.l90 

bO.'599 
'5 4 ~ 276 
48~<;l31 

4".3'52 
40.35T 

3b e 971 
13.8M 
31.163 
7 s~ 1'50 
7b.586 

24. b ~2 
22.867 
7l.2"50 

----yq-.-7-ff 
Ie .427 

17.1e3 
16.!/,;6 
I4. fl41 
l3.48J, 
12.218 

lI.01'l 
'l~9J6 

8.'901, 
1.91'5 
7.025 

6 ~ 167 
5.3'59 
1,.5'1') 
3~6n 

3.1 <:IS 

AI 203 
ALUMINUM OXIDE (AliO)) (LIQUID) Gf"w := 101.9612 

S298.15 21.411 gibbs/mol ':'Hfi98.15 -377.898 kcal/mol 

Tm := 2327 6 K 6Hm
C 

26.0!. 2 kc::al/mol 

Heat" of fOl"!1ld'tio.n 

6Hf
Q 

is calculated frol':\ t:hat of the crystdl by adding ':'J-Im- and t.he diffct'e:1ce in (H;327-H29B .15) for crysta.l an.d 
liquid. • 

Heat Capacity and Entropy 

Enthalpy data for the liquid include those of Kam:or et &1. C:!. 2337 to 21<80 X), Sheindlin et 41. (£, 2350 'to 2800 K), 

and ap?ro:<imdte values of West and Ishihara (I, 23'4& to 21.195 ::0. The authors derived constant: Cp· values of 31.1.6 (:!) 
dncl 47.7 (_U gibl:>slmol. We ddopt a compromise of ~o gibbs/mol, corresponding to B gibbs/g-atom. New data '!!., ~). s'till 

unpublished, !M.y r-esolve this discrepancy. We assume a glass transition at 1600 K, below which Cp$ is taken 'to be the 

SAine ,,"S for A1 2 0 3 {c, 0). The entropy is CdlQulated in a manner analogous with r:.Hf~. 

Melting Ddta 

Tl'n :: 2051.+ t 6"C l,o;'as !'ecommenced recently by Schneider (.§.) as the res1..!]'t of a cooperative mcasurer:lent of the melting 

point: by nine groups in seven countries. TI-.is value is adopted. 6!im is $elccted so that there is reasonable agreement 

with 'the experimental enth41pies (:h. 1.) near 2500 K. Reported values of 6H::n include 28.3 ! 0.5 <1,) and 25.9 (~.> kcalltnol, 

while the ddt.! of West dnd Ishihd,T'd, (1) correspond to 30 :t 2 kcallmol ;"'hen reduced with OU.%"' otdopted Cpe. A vdlue of 

21.4 kcal/rr.ol ob'tained from .cooling curves C]) can be dismissed as too low. New calorimetric studies ar'e in progress 

(~j §). 
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Aluminum 8eryll ium Oxide (A16Be010l 

fCrystal) GF'1i - 330.8952 

I ___ glbbstmol--~ ----kC&.l/mol---
T, '1( CpO ~;" -(G~-W1llil.)iT W-WSM 6.Hr' 6.Gf" 

100 
,o0 
lOR 

'00 
lora 
,o0 

bCO 
700 
BOO 
ROC 

100) 

nce 
1200 
1301) 
140C 
1500 

16ce 
1700 
laCo 
1%0 
2000 

.00C' 
Il.245 
41.BI 
tll.391 

63.106 
77. '502 
I.l~. 690 

'10.<;56 
9100.666 
'n .413 
qq. 72~ 

101.620 

103.250 
lC4.61C 
105.9';0 
1C1. ISO 
IO!!.35q 

lC'l~ ~I)C 

lI0.'l'50 
llZ~ltvO 

lIlt. ceo 
11,).75C 

• c ~('\ 
3.'\16'> 

21.('\111 
"01.9'58 

42.35l 
62.134 
SO.964 

91.103 
111.417 
124.246 
13 '!I. st.J 
1106 .... 71 

1'56.234 
16'5.2£1C 
113.709 
lSI.be'.i 
189.('36 

196.0lC 
202 6 1'5') 
ZC''il.111 
215.2':it: 
211.146 

t Nf I r>iT E 
8Z.'il<; 
47.1UI 
41.9')8 

101.0;1,)<; 

44.644 
0;(.12'5 

'56.&-39 
63_ "061 
7C.212 
76.924 
E).3'56 

89.')44 
C)'5 .... S3 

l<)1.18(l 
1 "'Jb.b4') 
lil. eC)) 

116.93b 
ill.7e9 
126.466 
13c~q79 

l3'5.341 

- 8.153 
1.8Cj'5 

- 5.220 
.')0('1 

.IIE! 
1.236 

15.41C 

24.218 
H.'5b'=l 
... "3.181 
53.04'5 
63.l1 '5 

1'3.Jf>r 
B1.7<)7 
Q4.2SQ 

104.944 
Ll'5 .. He 

126.61'5 
1)7.0647 
148.Aoa 
16e.In 
111.61l 

-1134.946 
-1338.164 
-1342. )9<;1 
-1344.20e 

-1344.220 
-1J44.6'K 
-1144.441 

-1343.8b4 
-1)4;.).,45 
-1342.42C 
-l341.815 
-1350.5-18 

-13'>'5.bBb 
-nO;4.77? 
-1353.7S'5 
-1352.14e 
-D'.H.635 

-13')3.216 
-1351.646 
-13'50.371 
-l348.784 
-1347. 060 

- t,314.<;46 
-1311.460 
-1294.696 
-IZ1C .Bea 

-1270. 4 l5 
-12405.1l0 
-122C .994 

-1196.3406 
-11 rJ .~H1 
-1141.30;2 
-llZ:L04Q 
-109,.664 

-1011.824 
-1041'>.060 
- 10Z0. 311 
- Q'l4 G1&(, 

- 969.234 

- q43~Qqa 

- <HS.144 
- a'l2 G b67 
- til:.1 ~2.e'5 
- 84l.9t;7 

Log Kp 

I NFrNI TF 
2819.306 
14l4.771>, 

<;131.511 

<;125.4")6 
68(.624 
'513.&9;> 

435.16'1 
36').850', 
313.453 
212.111 
239.894 

212.<;57. 
FW.514 
l11.?40 
15'5.289 
141.217 

11B.901 
IIA.on 
1013.385 
99.760 
92.009 

_2J_C_t:. ___ ~ U d~.9 __ _ }L6_._8_~C _ ___ ~ 2~!.'?~} ____ J_V_·1Jt:? ____ '".:t~'!~ -.!1 B) ___ -__ Il)_tD_ ... ~ Ill! ____ ~_5_'_0!l_"-
2200 119.71'10 232.36('1 143.657 1<;;5.14fl -134l~14q - HI.b7e 79.0406 
2300 121.9 ..... 0 217.719 147.l>~0 201.22:7 -1340.921 - 766.646 12.B48 
2400 124.250 242.966 151.4<)4 21C)."i:n -1338~'501 - 741.721 67.'.)4) 
2500 126.7'50 246.088 l5'5.2% ;;»2.('82 -133S~886 - 716.<)32 62.674 

Z6CO 
2100 
lacc 
2900 
lOCO 

129 0 400 
112.Z00 
13'5 0 1')C 
118.2'30 
Iltl.'jf"iO 

L 

2'B.Ili 
258.046 
262.907 
267.7,:3 
272.445 

15e.9Z3 
IbZ.'S03 
lbo.002 
16<;.427 
172.162 

244.688 
2SL9b7 
211.333 
28'5.002 
ZQ8.<;Ig·S 

June 30, 1972 

-lH3.0)Z 
-132<;1.939 
-1614.019 
-} 81"18.632 
-1802.695 

- Ml.?!1 
- 667.b"3b 
- b]7.01t, 
- '59'5.134 
- 5'i3.3H 

58.186 
'i4.041 
4'1.126 
44.850 
4C. 3 14 
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ALUMINUM BERYLLIUM OXIDE (A1SBe0
10

) (CRYSTAL) Grw :; 330.8952 

dHf; ~ -1331.;.9 1.3 ked/mol 

529B.1S '" 41.96 0.06 gibbs/mol 6Hf 298 IS -= -1344.2 1.3 kcal/mol 

1Tn nBS ~ 10 K oHm· [96J kCol.l/mol 

Heat of Formation 

llEf~ is calculdted from llHr~(298.15 l() ~ 2.71 !: 0.:05 kcal/mol for BeO(c, c.) ~ 3A1
2

0
3

(c, a) ... A1
6

Be0
10

Cc) using 

current values of J.Ef 4 for the; !"e~ct:a.nt:s (l). 6Hr' is wscd on the value 2.9 ~ 0.45 kcaI/:r.ol <it 968 K det:cr-mined by 

Hol:n dnd Xleppa (1) from t"he difference in nedt!. of solution of the three components in an oxide melt:. 

for comp.'1l"ison with t"he above reaction, we derive tlllr""098.1S K) ::: 0.6 kcal/mol from lIGr"(l800 10 -3.95 

kCdl/mol baseo on equilibriur.'l ddt4. Young (~..> used w.ster vapor ""s d. carrier gdS to determine the transport of BeD, 

presuo.!lbly as BcCm0 2 , in equilibri.um with BeO(c) and A1
6

Be010 {c)' The difference be"'twccn the two equilibria gives 

"the above; reaction. We; compdC'e at: 1800 K, nea.!' the upper limit of the ddta, where the experimental m.e'thod is most 

sensit:ivc. The reSUlting difference in llHr-098.15 K) is -2.1 }ccal/mol. roughly twice the l!nceI'tdinty claimed for 

ilGr" (~). 

Heat _~~'p':.;I.ci"1:y and tnt ropy 

Cpo dnd the derived properties below 29S K cl.re taken from caloril"":l.etric datd (15-360 K) of furukawa dod Saba (~..>. 

The entropy is based on Sis = 0.011 gibbs/mol. Cpo above 298 K is from the td.bulation of Dit"maI's dnd Douglas (~) based 

on entha.Ipy dat:a 023-1173 ::0. Cp~ is extrdpoLned above 1200 K by compdrison with current tdbles ()J for BeA1 20
If

Cc), 

A1
2

0
3
(c, a), and BeO(c, cr.). 

Holm. and KlepPd (!) c01:1bined their '::'Hr- for formation from the oxides wi. t"h the cOr't'e.s?onding dGro from Young (~) 

in order to ca.lculol"te LlSro. Based cn "the present: function:; and Young's resul-r at 1800 K, we calculate an entropy which 

is 1.2 gibbs/mol large!' than the ddopted·calorimetric value. To explain the difference, Holm and Kl-eppa (l) ?l""'Oj)csed 

Be-AI disorder- in the cryst:dl, which might provide extra entropy up to 2.75 eu. Crystdl str'uctuI'e ddtcl. were recently 

published (~), but they do no't dppear to be sufficien't to test the hypothesis of disorder. Although we believe thdt 

the discrepancy is within the uncer-tainty of the equilibrium Gdtd, fur"'ti:er information is desirable. 

l1el"ting Datd 

See A1GBeO IO ( t). 
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Aluminum Bery I I i um Oxide (AI
6

Be0 10 ) 

liQUid) GF\~ = :030.8952 

I ~---glb"lmoI--__ kcalfmol-----
T,"K CpO S" -(GC-UOHI)!T W-WIM AH~ 6Gr J....og Kp 

.J ,0, 
200 
298 63.381 7<)6263 15.263 .ooe -1266 • .,6& -1203.1 f,4 BIH.'}43 

)0) 6J.706 1'<';. 6 ~>1 75.26'5 .l18 -12&6.581 -1202.713 8'1'6.219 
400 TT.SI'? <i6.04(1 77.Q:O;'1 7.i':J(: -l;ed.056 -llfn~ ;SQ8 64"e1t1l6 
')':'0 8 '.i. 6q( 114.29~ 83.4~O 15.'030 -1266.801 -ll60 .O~)3 ')01.0n 

6r:'J 90.9';(:' nu.loDS BQ.'il44 24.;np. -1766.23C -1 D8. 696 4l4.76<;1 
lC'J 9"'.666 144.122 '96. f6r B"~b9 -1265.5Il -1117.493 )48.90;;1 
800 97.413 1'51o'j')4 10.577 4;.11'11 -1264. rab -1096 .. 402 29<;.')('1 
qeo 99.725 16G .169 lIn .230 5'3.0105 -DM.lal -1075.190 261.140 

1000 11:1.t2C 119.776 Ilb.bo2 63.115 -1279.88'5 -tJ53.-Ht. 230.206 

1l::-0 lO'3.2sn lR9.Sloe IZl .~4q 73.16r -lnR.057 -IOlO.All: 204. Reb 
1200 iJ4.6rc 198. '>66 128.766 83.757 -1211.138 -1008.19) I e ~~ 6'53 
IV)) 105.9'>C 207.01') 1]4.485 <)4.25'1 -1276.1S? - qR6.~34 ltl'S.767 
14CQ l')l'.ISO 214.911 139.Q':>1 lO4.'H4 -121'5. t(\b - qf:, 3.7 '5 (~ 1'50.44Q 
1"')0 136.0(\C 224.294 14').264 llR.')I. .. -1271.115 - '1 1.1 .b'H< 117.199 

L6'lC 136.Q?t: 2l3.C'71 pjr.4p.1 132014" -1270.0')) - "Il'!.736 12~. 6)0 
11'CO 136.I)')C 2'd.lL6 1'5').584 14'.i.744 -1266 .lle - 8Q7 .. <U .. 1 1l'j.441 
taO~ 116.0"" 249.08q 16C.56'5 15<:;.3 .. " -1262.2CI - IHt..411 1'l6 ..... ll 
19,;t; 116.r)CO ?')lh443 16'S.41Q IH."i .... 4 -12'5f1.331 - 855.088 98.3'57 
2100 136.0·'10 2(,3 • .;{o; I 7e. 1"6 186.544 -12'54.495 - BJJ.974 91.LJ] 

}i~~---H~:~;i- -- -~-}~:-~~1---\ ~~~{~{-----;-i-}:~~~- -~H~tt-~~-· --~-~·U~~~~----- ~-i:-i~j 
230, 136.')('0 282.426 183.')81 727.14" -l24J.111' - 771.691'1 11.328 
240C 136.0rC 28B.214 1 fl7.821 24C'.944 -1239~46.7 - r"j1 .271 68~413" 
2500 136.000 2"n.766 !'n.0;I48 ]54.')41, -1(!;'3.19C - 731.030 63 ~901 

26Qa 1l6. OCt:' 2~C;. 1 CC 195.o;IbR 2bf.l.Llt4 -1232 6 142 - 710.8<;<;1 '50::.7'56 
2700 no.ooc 304.2D 190;.883 281.144 -ln86'S2~ - b90.Cl2A 5'5.927 
2800 I1b.QI"O JO<J.17Q 203.699 2<J,}. ~44 -1712.4)4 - 6646<1"'1C '51.90'5 
2900 13b.O'-:C ) 1 3~ GO::; 1 201 641'1 )OB.~44 -I. 707 .056 - 627.676 41.301 
1')0') L'I6.(I;)Q JiS."o? 1 Il.047 322. '.>41, -1701.10'; - '590.540 'o3.0l1 

JIC? 136. Dec 323. e2l 214.588 J3~~ J 44 -1696.17'; - 5'53.'>SS 3Q.IJJB 
320') 13b.()(lO 321.3lQ 218."144 349.74" -16<)1.071 - 516.809 35.2<)6 
,JOC 136.0C'0 331.524 221.42r) )63.)44 -\685.790 - 480.1G1 31.802 
34('C 13b.OGC 135.'5e4 214.718 376.<)44 -16f)u.54) - 443.7'55 28.524 
350') 136.0.,0 139.n6 227.0;1"2 39C.541o -l615.307 - 407.464 25.44"3 

16CC 130~ OC r 343. ~57 ?) l~ 1"195 404.144 -H'10.IOl - :'o7l .2aR 21.'540 
310") 136.·);>0 347.C64 234.lS0 417.74" -lbb4~(Hq - '1').2Q3 I~. 805 
3SIj~ Db. 0·")0 ""is,. Hi 1"37.1"lt) 431.344 -16'59.763 - 2'19.422 11.221 
l'~O'") 13b~ ('(:':! ;54.243 24C. liS 444. "l44 -160:;4.620 - 26l.68b 1 .... 771 
40'.)") l)6.01)(I "357.667 243.0'50 4'58.">44 -lb49."i1 '5 - US. L(l5 L2.463 

June 30, 1972 

AI&Be0 10 

ALUMINUM BERYLLIUM OXIDE (A1SBcOJOl ( LIQUJD) GFW 330,89:'2 

S;98 15 =- (7S.2Ei3J gibbs/m,:;l t1Hf295.15 " [-12S6.5661 kC<:t1/mol 

Trn 21a6! 10 K tJHm~ (96) kcal/mol 

Heat: of FO::'1ndt:iQrl 

i\.:.:Jf b is c41cula.t:ed from tha.t: of "the crystal by adding lIHmQ and the difference in (Hiles -H; 98.15) between ct'ys"tal 

4nd liqlJ.id. 

Heat Cdpaci ty dnd I:ntr0e:L 

Cp~ is asslJ.:l\ed to be 136 gibbs/mol, corresponding to 8 iibbs/g-a"to:n, by analogy with current tables (;h.) fot' 

BeA1 2 0 4 (t) and Al 20 3 etl. Below "the dss\ .. lIned glass transition at 1400 K, epG is taken to be the same: dS th4t of t:he" 

crysta.l. The entropy i:;; cdlcula"ted in <l way ana.logous with IlHf g
, 

Melting Dat:a 

Tm, adjusted to IPTS-56, is [r'om the phase study of Lang et: a1. (I). nHm~ is estilndt:ed as being slightly smaller 

"than the sum of ilHm~ fOI' the cOlhponen1. oxides q). Data for BCA1 20 4 are consi::;-"tent with this app::'oach. 

.~~x!.=~~~ 

.:. JANAf Thermochemical Tables, The Dow Chemical Company, Midland, Mich.; BeO(t) dated June 30, 1971; A1
2

0
3

(Z} and 

BeA1
2

C4 CO dated Jur:e 30, 1972. 

2. S. H. Lang, C. L. fillmore, a.nd L H .. Maxwell, J, Res. Natl. Bur. Std. ~, 29B (1952) 
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Boron Unipositive Ion (B') 

( I dea I Gas) GFW • lO.B1045 

T, ~K 

c 
,co 
200 
2yt! 

.:IUO 
400 

SOO 

600 
'00 
000 
\fwe 

1000 

1 ~Qo 

2juU 
240::; 
:?50u 

26IJu 
;.>700 
7duu 
240(1 
HOO 

JIUO 
3 .. 00 

!lUOU 

11100 
4?!JO 
4JOO 
44UO 
4';00 

<lOUO 

lIlou 
qt~ 0 0 
0.\.1(:0 
SOQO 

51CoG 
~200 

')jOO 

""00 
S5u() 

';1'00 

"'00 
5!l00 
':;'}oo 

6uOO 

Cpo 

".9hb 

<1,"60 
<1,961:' 

.. ,9t';b 

4.91'0 
Q,9 A e 
<I.9t>b 

<1.9/)0 

'1.960 

<I,9';'b 
.. ,<;6b 
... "60 
"'1'1"'1'1 
1I.9,,!:! 

... 91'>1:1 

.. ,960 

... 96t. 
11.961:1 
<I,9tHI 

",9"'0 
'i.1'I6tJ 
... 91'>1; 
.. ,91'>0 
",96t! 

'1.96t1 
... -;f,o 
... 9f>0 
'1,960 
",960 

'1.91')/'1 
".960 
... 9f>1;' 
... 9t.'; 
4.96':# 

4,<Jof,l 
... 97(; 
'l,f,l711 
... 971 
4,973 

.. ,970. 
'1,97e 
... 9Tb 
... 9 R l 
~ • 91'1~ 

10.91'19 
",99J 
,>.90<,1 
:>,O():;:' 
=>.1.1)2 

::..O.ll.u 
=>.0 9 0 
=>.113 
=>,132 
~ ,l"~ 

&ibbs/nlol---~ 

S" -IGQ-WIS_)rr HQ-:HQDI 

JJ,08e- jJ.08t- ,/JOO 

33.11 7 33,01'16 ,00'< 
34.')46 3 ~. 2d I ,')06 

35,65.11 33.611" 1. 0 0) 

36.561) )4,061 1.'";00 
J7, J2b JI.I.1.I74 I,99t-
37,9611 )4,873 2. 4 '13 
38.'Sr:J 3'i.252 2.990 
)9,090 35.611 l.Il!!? 

39-,5 7 1 35,950 3. Y/j4 
1;10.004 3"',27\) (I .4~O 

40.401 36,':)73 11,917 
t.lo.r7U 31\.Ae.U ",ij!4 

II lo! 12 )1.132 .,,97\ 

41.4)] 37 .)91 6.407 
111.7'34 37 .6]7 6.961l 
42.0)ij 37 ,873 7.461 
42.287 36.09d 7.958 
42.541 3/1.3\" a,ASS 

112.7611 )R.52!. A.il'l1 
(1).015 3f!.720 9 • .048 
43.236 3i'1.9t2 9,<.145 
/43.447 39.096 10.1.1112 
(13.650 39.?75 10.9)9 

11).8.05 3,".1147 I 1 • ~ 35 
44,032 H,bl) 11. 9 32 
44.213 39,71<1 12. 4 29 
H.387 39.930 12. 9 ?6 
/IotI.5S6 40.082 13,4?3 

IIQ,71" /lO,n/!! 13,919 
44.(:176 l.l".371 )4.416 
11,).029 110.511.1 1",913 
115.1 7 1:1 .00,6(1',:, 1':1.1110 
45.322 40.177 15. 9 01 

4'5.462 40,905 16.QJl.l 
45. ~98 41.0}U 16.P'U\ 
'5.130 41.1 <;" P.396 
4~./j59 l.l1.?71 1 7 .SQ? 
45.965 ti 1 , 38 ~ 18.392 

46 olOtl 41.501 lA.tin9 
46.nl:l I.il.61<! 19.3:-17 
t;6.Jti~ til.721 19.,>1,0;4 

46.1;i60 4l.A]? ;10.302 
A6."'2 L11,911 20.8!S1 

116.elll 1I?OJ3 ?1.Jl9 
46.789 4?UJ 21.!:I7~ 
46,tl9ij 4?,?l£ 22.37R 
46.997 117,32!:! 2?fllll 
t!.7,096 II 7. ,1l22 23. )79 

47.197 42, 51 ~ n.IHI] 
47. 29~ 42 .... 06 24.3>1) 
47.391 41' • ..,9~ 24,81;7 
0.7,48':1 II;>. 7 ~ J ;1';>.3 9 1 
47 • .,7d 4".1l0Y 25,A,>,7 

47 .669 117,95 .. 26./11)'1 
47.759 43,036 ?t.. Q 13 
tl7.d.t.1.l 1);3,12U 27,;1;:;>1.1 
&7,930 ~). 20 1 27,93b 
46.0'22 43 .2~O 28,4'50 

Dec. 31, 1967i Dec. 31, 1970 

kcal/mol----_ 

"HI" 'Gr 

p'5,601 ll'l.6!J 

12';'6,..:; 314,hO'l 
3:?6.?'U 311,).1:130 
,;26.1'\7.) 3\.16.1:19" 

327.1"2 ,>(;2.1:1'";\ 
n7.il68 296.1;:.;> 
321'1 .Jl r ;.>94."?7 
32l'l. 74~ 290.271\ 
)2QoIS 4 20';.'011'12 

)2<;1'.51.j<l flel t,64f, 

329.911 271.'ll~ 

330.271 212.87) 
330,624 20d ,IIII~ 
330,957 2e3.991 

'1]1.'276 2~9.'J 16 
Bl.5115 2S':I,071 
lJI.884 2~O. "09 
)32.17) 245,9!.\O 
332.46\,.1 241. 11 37 

33~. 7){ 2 3fl, tl? ~ 
3)'1.011 232.307 
333.200 -nr.7?4 
33].544 2'23.1)0 
328.1117 211'.633 

3;>R.fl7'11 214.23"1 
3;>11.9"3 2 u 9.>:1;>9 
'2~ .207 2U':l.4j(1 
329.471 2UO.-.ltjPt 
329.7)~ 1<,I6,5~;> 

j;>q ,q<,ll \'L<'.P'7 
3)0. '61 1117 .6~5 
33O.'i2S 16).\9f, 
3l().761l l(d.T21'! 
1]!.053 P'II.250 

331. He. 169.'67 
HI.S"V [65."76 
BI.8.\1l.i 160. "9 
n::. t0tl 156.27' 
211.11,/2 1~:d. 'alOI;, 

?ll.6b1 1"2.0.61'> 
?!? Hjll 1"1,\.1,0 
212,67<) 14 9.55t> 
213.174 1 ~~ ,OF. 3 
2\ 1.66'i1 \46.')9., 

?14,104 145.100 
2t4 .... »'" !'1).';95 
21';,154 142.('lTQ 
215 • .'J1I, 140.~1l8 

:;>1 6 .1'12 139,1.112 

21 6 .636 137,ij(i1l 
717.1]\J 135.'J07' 
:;>1 7 .1'>2" 1)4.3311 
:;>ltI.ll d 132.763 
?1 ~ .612 131.181 

:;>1 9 .100 12t;,5b;> 
719.600 \2!.Vlit 
nU,095 12t..369 
:;>2°·590 124. 7~O 
:;>21,OIjIl. 123.1n 

1..oJ: Kp 

~ 230,06;; 

llU.J13 

93.26 5-
1'\0 ,I.I/) , 

lO.4d9 
67. ~O I 

':i5."'-'/:! 
~O. 499 
1',j'J.614 
111.906 
3tl,"03 

]S.411t1 
32.71:\') 
30."16 
2!.l.2911 
26.3t1] 

;>4.6'i;> 
;>3.U71:1 
21.0]':.1 
2U.319 
19.11 3 

\1:I.u08 
16,9114 
10,U33 
I ~.147 
\11,3\9 

I j, ~4 j 
D,dl6 
\ ?133 
11,tnl9 
lD,r,l'il 

10,306 
9.76? 
Y,?.o7 
8,1"7 
05,,"09 

6,1::094 
6.077 
0.41)'1 - o,21S9 
6,(.)70 

";, c9 t 
~,71 :;> 
';>.~40 

~, H~ 

",213 

5,u57 
",<.J07 
/4.762 
4.621 
I:l .48~ 

e+ 
BORON UNIPOSIT!VE ION (3") (IDeAl. GAS) GF'W :: 10.81045 

Ground StQ't~ Configuration 1S0 D.Hf; 322.9:t 4,0 kcalfmol 

5298.15 33.086 0.005 gibbs/mol I'IHf;98.1;' 325.6 4.0 kcal/rnol 

Electronic Lo:!vels an~ Quantum ;l!Ie~!.§. 

Heat cLL'?~l!l~J;~ 

__ ti' em - ~ 

37333.5 

373r:O,Q 

3735S.!.J 

We calculate the heat of formcitior, at OoX fro!!'. the Nldction B( g) 

for B{g) and .. m ionization po-:::en'tia1 of 191.355 kcal/mol from Hoare (1'. 

Heat Capa.oi ty .1nd Entropy 

(g) ... B+Cg) using the JANAF auxiliary value 

The electronic levels and quantum weight's a.re from Moore (1). Levels dbove 70,000 cm- 1 <ire not inclt.ded since they 

hdve no effect' on 'the therm.odynamic functions. flO - H298 :: -l.li81 xCl'!l/mol at O~K. 

References 

1. C. I:. Hoore, NSRbS-NB'S 34, 1970. 

2. C. E. l'\OOf'e, U. S. Natl. Bur'. Std. eire. li67, 1949. 
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Boron Dichloride (Be 1
2

) 

(I dea I Gas) GFW - 81.7170 

----Kibbs/mol---_ kcalJmol 
T, "K CpO S" -(CQ-H".IIJ.>rr H"-H~:a.e aR!" ,GF 

? .0'0 .000 INFiN1TE - 2~811 1'>1 .. )]4 - 19~ 324 
I CO 8.708 54.404 74.357 - 1 .. 995 - lQ .. 21l - 2(,.12<,1 
20C 10.106 6e.alC H.143 - 1.0'S5 - J9~017 - 21 ~ I 02 
2.' 11.323 0.5.144 6'5.144 ."CO - lq.OOC - 22. lib 

,o0 1l.3"o2 6'5.214 6'5.14'0 .1;2l - 11'l.q~9 - 22e 136 
.00 ll.l TO 68.SQQ 65.6"" 1.20(1 - (R.<HZ - 2).167 
5OC 12.681, 71.375 6b.4BI'> 2.444 - UiI.<Q94 - 24.238 

000 13.011 13.716 61.')01 3.730 - 19.0')2 25.282 
70C 13.227 7~. 741 68.S37 5.043 - 19.133 U,..Jl4 
000 1'3.37'5 71.'SLa "'G. ~'51 b.3H - 19.2"'3 - nel3'S 
.00 B.4Rl 79 .. 099 lC.'525 7.111 - 19.346 - .2f1.340 

1000 13. 'Sse 8e.52" 11.40;5 g e Obq lq.4H - ?Q.333 

ilea 13.617 81.819 n.B9 11;.428 - 19.t.l".i )0.313 
12:10 13.663 83. OCb 73.11:10 II ~ 7q2 - 1Q.770 H .. 27S 
1300 13 .699 84.101 7].978 l;~ 16(: - 19. (:138 - 32 .. 231 
1400 13.72'< 85.117 74.n8 14.'531 - 20.118 - 33.1f9 
1500 Il.155 86. ebb 7'5.462 15~ 906 - ?'O~HO - 34 .. 0<"16 

160':: 13.178 86.95" 7b.1SJ 17 .. 282 - 20.'515 - ~'5 .. 008 
1700 \3.8")0 81 .. 79C 7b.813 18~b6l - 20.130 - 15 .. 906 
iSOO 13 .821 88.579 77 .. 4-45 2-::.Clt2 - 7f'J.955 - 36.7'14 
19CO: 13.S"'2 89.327 78.,)Sl 21 .. 421'> - 21.IBb - 37.bi6 
ZOJO 13. B64 9C.e38 7e.6l2 2 Z.All - Zl.425 1A.527 

llCO 1 ;.I3S7 9('0.71'5 19.19Z 24.i'HI - 21.665 - )Q .. 317 
2200 lJ.911 <;i.36t 7G.HO 7'5.')!\8 - 1l.91t. - 4('.21.4 
1100 11.9H 'H.9'30 8C.2'5t1 26.(JltH - lZ.161 - 41. C40 
240'.) 13.961, <;.2.514 sr..7'';1 28 .31~ - 22~4n - 41.RS4 
2OjCi) 13.9~3 <n.1lt5 81~ 235 29~ 714 - 2B.010 - 42 ~ 5 'So 

26CC l4.023 <)3~ 6<)4 81.7:14 H.175 - 26.324 - .fIo3 .. 124 
2100 i4.0,)3 <)4.224 82.\')8 )2.518 - 7B. ,)7~ - ... J ~b Be 
21'101) 14.08'5 'H.Hb A2.'JQg 3J.qB~ - 28.933 - 44~243 
2<;1()C 14.111 95.210 83.025 )5.395 - Z9.08h - 44.187 
3000 1401')0 'P,.710 83.44C 36. RCO:; - 2'9.336 4.')5321 

311C 14.1el "6.174 83.843 38.225 - <,,).sell - 45 .. 857 
3200 14.217 <It..625 84.216 3<1. 64~ - 2~. S4) - 46 .. 377 
310Q 14.250 <:"17 .063 64 .. 61S 41.')6'9 - JO.(,Q4 - "'6 .. 88S 
HeC 14.21;13 91.489 8"'e':lQO 42.49'5 - 10.)4') Hc392 
)500 14.316 97.903 65 .. ]53 4).,);':".: - 3".SQb - 41. aQ4 

Her:: 1.4.34<; 9!.'.307 85.1:)1 45.~')9 - 30.84S "'S .. "HII 
J 7(30 14.3"81 98.71)1 86.J'i; 46.7<;5 - 31. C95 - "R.R65 
H::;C 14.412 9Q .. 08S 86 .. 391 4"1.235 - H .. 34) t"Q ~ 3.r.,2 
3'Dt"'l 14~ "',. 3 9 ... loose; 66 .. 722 4'Q.67e - '11.59l - 4".IH4 
40~(\ 14.41) 9~ ~e 25 87.045 ')1 .. 123 - I S).Olq 48.132 

4lCC 14.'5C3 lCO~ In n. )61 57.572 - 153.034 - 4S .. 512 
102M 14.531 IOO.<)B 87 .. 610 '54.(124 - 153.0'oR "7. SBb 
,.30'1 14.5"it; lOCo a1~ 67.973 55 e41'9 - 153 e061 - '\0.265 
4400 14.5116 IOle Zie 88.270 56.<)36 - I 'l3~0 7"> - H .. 636 
4501) 14.613 101 e'i3S 6S.'ibZ '5S.3'16 - IS3. C8e - 3'5_ Ot9 

4600 14.638 lel.8bC B8 .. 841 'jQ.8'ja - 1~3. ~'99 - 32 ~ )CJ4 
47:1(') I4.bb) I"Z.11<) flQ.I27 601.)2) lS3.1\i'..' - 2'1.167 
'oS0C 14.087 le2.484 8'9 .. 402 602.7CJl 1'53.12(' - 1'7 c 14~ 
4QI')() 14e 111 102.187 8'9~b 72 64.2bl - i'i;.DC - 1'4.'520 
5000 L4 .. Tn tOJ.O"l4 s".'13e 65~733 - 1'53.08 - 21.e<;5 

510;) 1"'.755 10J~ 31t O;C~ 198 (;'7./07 - 1'3)01",6 - 1'1.261 
')200 l4.777 lO3~6b3 9(" .4')') o~ .611.4 - 1')).152 - 16.642 
S30e l4.79a 103.945 9(' .. 716 70s 16J - lS3.1'58 - 14 ~O 2l 
5400 14.818 1:)4.222 9CeQ:;4 11.644 - l53.1&4 - ll. JClb 
5'50,) 14.838 l(i4.4C1.r. 91.19S B.1H - l'53.1ob9 8.164 

560J [4.851 1~4. 761 <)1.438 74.611 - 1 '.i).! 73 6 ~ 1"'6 
5700 14 .. 875 105 6 J24 91.674 16_098 - 1'53.l79 3.'521 
",soc 14.8<)4 1":5.2113 91~906 77 .. 586 - 1.'53.182 ~B92 
".)QO,) 14.Qll 10 5 ~') JoB 92.135 1<;.076 - 153 .. 186 1 .. 131 
bOOC 14.Qzq 105.789 92.361 80 .'568 - 1'53.190 to.]61 

Dec. 31,1960; Har. 31,1963; De.c. 31, 196"; June 30,1972 

Log Kp 

I NFINJ fF 
43.qq 
2'3.:')'5';1 
1 b~Z 12 

16.126 
12.66';1 
lC.595 

q.2~q 

a.2lb 
7.468 
1'1.882 
6.''11 

6.023 
S~b'H 
'la1019 
<;a178 
4.9608 

4.7R2 
4.b16 
4.467 
4.333 
4.210 

4.0<;8 
3.995 
J.900 
3. B lL 
1.720 

3.625 
3.536 
3.453 
3.37'5 
3. 3~2 

3.23) 
3.167 
3. lOS 
3.046 
2.Q9l 

2.QH 
2.8Rt. 
l~ S3S 
2~ 791 
2.610 

2 a 426 
2.232 
2.046 
1 a869 
1 ~ 101 

1.5)9 
1.3134 
1.]36 
1.09", 

• "'57 

.J.l2b 
.699 
41)78 
.4tH 
.HB 

.Z4f) 

.135 
.034 

- .064 
- • \'5'9 

aaRON DICHLORIDE (BC1 2 ) (IDEAL GAS) 

Poin'!: Group [ C2v ) 

S{98.15 (65.1 t. 0.5} gibbs/mol 

Bond Dist4nce: B-Cl = [1.73] A 

Bond Angle: CI-B-Cl = [ 112 J 9 

ELect:oonic Levels and Quantum Weights 

t
i

• CJ:l- 1 

(11000) 

28003 

28153 

29455 

29542 

~ , 
(2] 

VibrAtiona.l Frequencies and Degeneracies 

-1 
~ 

[700) (1) 

250 (1) 

( 725) (l) 

Product of Moment!5 of tnerti4: tAIBIC:: [9.05e75 x 10-115 ) g3 cm 6 

Heat of Formation 

GfW , 81. 7170 Be I 2 

<.IHfO:: -19.3 .!: 3.0 kC4l/mol 

<1Hfi98.15 :: -19.0 t 3.0 kCdl/.'nol 

o = 2 

Srivastavd. and faI'ber (1) have investigated the equilibrit:rn v4por:. over the bor-on 'tL:'ichloride-boron system by 

A flo~ variation study 

was allowed to flow into a boron nitride effusion cell which con1:o1ined metdllic boron, 

th4t' 'the):"lmal equilibrium had been achieved during their experiments. lor. intensities 

for the species BC1
3
(g), BC1

2
(g), and BCl(g) were measured at electro:: energies sligh1:1y above 4ppedrance potentials in 

the temperature ::,ange 1!>13 to 1813 K, JANA!'" analysis of equilibri1J.1 consta.nts for the reac'tion BC1
3

{g) of. BCIeg) :: 

2BC1
2
(g) which are ob't4ined from 'their ion intensity dat:a yields it third 14w ilHr 298 value of 24,56 .!: 1.00 kC.3.lImol with 

d dt'ift of -2.1 '! 2.0 eu. The second la'.l IlHr v41ue at 198 K is 28.1 kcal/mo1. Using t:he third law 6Hr value in 

conjur.ctl.on with JANAF heats of forlT.d.tl.on (1) for BC.tJ(g) dnd. SCHg). we c<llcu1dtf.: nHfige(BC12, g) :: -19.0 !. 3.0 kcalhnol. 

The only orher rt'po!'ted d«td on the nedt of fOrfllation of SC1
2 

comes from eXplosion studies cArTied out at: elevated 

'temperatures by Rusin and Tatevskil. (2). The BC1
2 

radical was found to be stable at 2250 K in H2-C12~BCIJ mix'tUl'es. 

The!;;e workers reported nHfCBC1
2

, g) = -lS.1i :!: 1.5 kcal/mol which conf:.rms the results of Srivastdva and ro/l.rb~r (~). 

We adopt LHf;9S(BC1
2

, g) ::: -19.0 t. 3.0 xcal/moJ. This value also leads to a. realistic progression in the S1:epwise 

bond dissQcia'tion energies for BC1(&), 8C1
2

(g}, and BC1
3

egJ. Using 411 JANAI' dd.ta (~)) we cdlcul&te D1(B-en = 1<'7.9, 

D
2
(SC1-Cl): 51.7, and D

3
(BC1

1
-Cl}'" 106.< kcal/mol. This bond en.ergy scheme, Dl > D

2
.: D

3
, is consistent with that 

predic'ted for 'the Group III A fluor-ides by Hildenbrand (~), 

Hea.t' Capacity and Entl'Qpy 

The point group a.nd. the CI-B-Cl bond angle are 3lisU!ned to be the same as those for SF2 (.V, The 3-C1 bond lenith 

es-rimated to lie between 'those far BCl and BC1
3 

(3). The individual· T:\OlT.ents of inel"ti4 are; I A ... 15.6682 x 10-
39

) 

IS = 21.j.210$ x 10- 39 , and IC :: 1.4577 x. 10-39 g c1'."I 2 

Dessa.ux et a1. (.§.., §) observed <1 diffuse system of bands in the nea.r uU:rdviolet IoI'hich 'they .!t·t:ributed to the BC1 2 
radical. The emission spect:!"'uo was obtained 4S chemilu.minescence iii the rea.ction between BC1 3 and atomic hy<l.rog<1!;n. 

They indicated that the frequencies v 1 = 470. V2 = 2ll.0, and \OJ ... 990 cm-1 were consistent with their spectral data; 

however, alternate aSSignments are possible. We preter the frequencies v
l 

:: 700, "lJ 2 ; 250, and \1 3 :: 725 C::I,-l, since 

these values are :nore consistent \>Ii'tn those for CC1 21 SiC1 2 ) and AIC1 2 (1)' 

By analogy ...,i'th the i,.soelectronic If.olccule N02 (~), the ground state for BC1.
2 

is ;:l,ssl.lrned to bf:!: 2A1 • Hiickel-moleculll.r

orbital calcl.lla.t:ior:.s by Hastie. and Ha.rgrave (1) sugges't 4 doublet excited state ( B1 ) near 11,000 Cf:\-l which is included. 

The upper el(!ctronic levels dre those obset"ved by Des~aux et al. (~). 
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Boron Dichloride Unipositive Ion (Be 12 +) 

( Idea 1 Gas) GFW - 81.71645 

~----glbbs/mol---_ kca.lJmol 
T,-K CpO so -(GO-H".I)(I' H"-HO_ .HF .Gr 

0 ,.0 
,o0 

'" 12,61\1 61.590 61.590 .000 16t.IOO i51 .~'5& 

,00 lZ.61'S 61.6613 61.59 0 ,0('3 161.112 151.5311 
.00 1 ),40<, 65,423 62.097 1.HO 161,161 156.2 tl1 
,00 1J.l!la6 6&.466 1'>3.0 7 6 2.69~ 162.360 154.19 1 

.00 111 .1'8 71. 0 ,1 6111.1 9 3 4.09 .. 162. 9 12 1'53.225 
100 1 41 .313 73.209 65.328 5.31 7 16).4]'1' i'5t .566 
600 )4."·n 1'5.130 66. 4 30 lH955 t 63.941 149.837 
900 14.5)2 76,636 61" • .ege ~.404 leU.flll 148.045 

1000 1".599 7&.3 7 1 6e.Sl 0 9.!i61 164.906 1116.t98 

1100 14,6'50 79,1'65 #.9.47 j 11.32J. 165.)64 1114.305 
1200 14 • 689 81.° 4 1 10.38) 12. 790 16".l.80e t Ill 2.371 
DOO 111, 7~O 82.21 8 11.248 lli1.2tq 16 6.20110 tt.lO ,1100 
hOC 14,71:15 6303 10 7Z.0T1 1'5. 7 ]11 166.659 13&. )97 
1500 14 ,765 84,328 72.6~5 17 .:110 "'H.06~ 136.36) 

1600 1. 4 , 76 1 85.28 1 73.60 2 l".6l'H 16 7 •• 5 1 13',30) 
1100 1 4 • 79 5 ~6,178 7·.]16 ~O .11'16 161.8)9 132,221 
t800 14,801 57,024 7011.998 21.646 IM.210 130,t" 
19 00 i ll ,61f1 117,8,,5 7OS,6'S3 23,1U lo!'! ,~Tl 127 ,9159 
2'000 111 ,8?7 55.585 1'6.2eD 2011 .609 168 .. 92& 123.8.$41 

;?jOO 111.836 69.]09 '1'0<;.&8011 26. ( 9) 169 ,278 12].680 
2200 14.6At! 89.999 71 .01164 27.571 169,621 121.50t 
0'100 ''',a'5) 90.6'59 11'1.02 4 29.062 169,959 119.307 
2.00 14.361 91,29 2 7e,'563 30 ,'!t47 110.1.90 t 17 .098 
2500 1 •• 370 91.&911 19,oes 32,OJt, 16'5.229 114.98" 

2600 1 4 • 879 90',1182 19.5189 3),'521 16'5.551 1, 12.966 
2700 111 • 8R9 93. 0 t.l] AO .071 35,01 0 16'5.&5'5 110.938 
2800 14 .89 9 93.565 ~O .'5~0 3&. •• 99 166.21 0 lOe .8!il8 
2900 1 •• 911 Q •• t08 111.008 )7.9a9 166.'53. 106.8.416 
3000 1 •• 9 ?3 911.61 4 ~ 1,4'53 )9.48 t 166.857 to. ,Teo 

1100 1",.936 95.1 0 ] tJl.ae6 1II0,Q7. 167.171 10 2.70' 
3200 1 111 • 9 0;0 95,51 8 "".306 42,468 16 7 .496 100 ,620 
BOO t ll ,96'S 96.°38 62. 1 16 ill,96. tH.814 905 .528 
)400 1 •• 96 1 9".485 l'l3.11 4 4'5 • .tIt.q 166.131 96 ~.25 
3500 111,991 96.92° ~ 3. ,)02 4&.960 168 ... 6 9 •• ]01 

1600 1~ ,015 97,)42 63.eet 4e.*61 168.160 92.llH 
:;700 15. 0 J] 97.1SiII "4.2'5 0 n.963 169.013 90.05'5 
)&00 1),O"l2 98,155 JiIl.6lL !it ,461 169.]86 IH,9\6 
]900 lS.072 ge ,546 "'11.963 '5'2,91& 1I~9 ,699 65,767 
6000 15.092 98.928 '15.]08 5&.182 405.8)0 8'50.7S5 

tqOO t~.I13 99.30 1 1'), ,64l1 5~ ,992 .9 ~ :5'1' 3 86.670 

!- 0110'00 l~'lH 99.665 ~"i.914 57''5°. ..9.91 6 &7·576 
4]00 1~.1 '56 100 .022 056.296 ~9 ,0 19 50 .'60 &a •• 65 

;J 114 00 1~ ,i7! 100.371 1\6.6 12 60. 5 ]6 '51.00l &9. 34 6 
4500 15.200 100 ,712 ,11 .... 922 6?,OSlI 51.'Ut 90.206 

'< 
!" uoo 15,222 IOI.OU.! H .225 63.~7'5 52.°8'9 91.0 6S 

n 111700 15 ,245 1°1.3 711 "7','523 6~ ,099 52. 6 34 91. 90 5 

:r 11&00 1~.2f',1 10 1. 695 ,117."'1'50 66.621 'S).IYe 92,7]11 .. 4900 15,290 102.01 0 "111,1 0 1 66.152 ~5). '7 23 93.552 

1I 5000 150313 102. :lit 9 61'1.)83 69.6 8 2 511'269 9 •• 3S9 

'" 
5100 1::', 33'S 102.623 1'11\.659 7t,215 54.8,7 9'501'58 .. "200 1 ~ .3'!!! 11)2. 9 21 8j1\ .9]0 72. 7il9 '5"i.]65 95,983 

:" 5)00 1~.3eo 10 3,213 &Q,1 97 1(1.266 55.91' 96.7tll 
'51.00 IS. 4O :? t o ),50 1 tJ9,II5 9 1!l,1'l25 56.163 91.1l19 

0 5500 IS.424 10 3.7"4 
D 

119.117 17.367 57.01 011 ge.2.0 

.ft '5600 15.&46 10 4,062 SO ,971 1.11.91 0 5 1 .'565 98.971 
,)700 t~. 467 10'.336 90.2;<'0 80.11'56 5~·lU 99.711 

< 
5800 ,),4"'6 10 4.605 90.U,O 8(1.00111 5~ .669 100 .(139 
5900 ~ 5. I) ° 9 104.870 90,108 83,'5'5' 59.2'2:? 101.1'5) 

~ 6000 11),5)0 10 5.131 90.916 8'5.106 5 9 ,17& tOl. 8 61 

~ 

Z June 30, I96Si Dec. 31, 1970 

!» 
~ .. .. 
~ 

Log Kp 

115.491 

DO 114.163 
155.366 
6T .659 

· 55.812 
H.l?t 
40.93] 
35. 9 50 
U. 952 

· 28.67, 

· 25.929 - 23.(0) 

· 21 .605 
19 ,868 

le~H5 
16 ~ 998 
15,798 

· 14.1'2(1 - 1l.1'~2 

t2. 67 1 · 12.010 
I lolly 
10 ,663 
10 •0 '5' 
9.496 
15.9&0 
8.500 
8.052 - 7,633 

., ,241 
6. 67 2 · 6,525 

· 6.1'96 · SIB89 

· '5,596 
5.li9 
S.056 
4.806 
".U5 

./I .620 · 4·'557 
4.,U6 
... ·]19 
... 38! 

111.326 
".27 4 · 4.222 
4.1 1 ) 
11.12' 

4,07t! 
4 ~o 32 
3. 9 88 - 3. 9 .5 
3. 9Q. 

l.eb3 
31 U 3 
l.7&, 

· 3.147 
3,71 0 

BORON D!CHLORIDE UNIPOSITlvE lON (BC1
2 

+) C;:OEAL GAS) 
+ 

ON ,1. 71545 BC I 2 

Point: Group r Doon 1 ll.Hf; 159.05 0.6 kcallmol 

S298.15" [61.6 2] gibbs/mol t.Hfi98,1S 161.1 0.6 kcal/mol 

Electronic Levels and Quantum Weights 

State I:i' cm-
1 ~ 

,,' 
• I., [ 16000) 

lAl [ 35000] 

Vibrational ?reguenci€s and Degeneracies 
-1 
~ 

Bond Distance: B-Cl::: [1.74 J 

Bond A"lgle: CI-B-Cl = [160 0 J 

[SOOJ (1) 

[150] (2) 

[800] (l) 

Ro'tl!ltiona1 Constant: BO::: r 0.0165} cm-l 

Hea.t of Formation 

The appear411ce poten'tidl CAP) of the pasi tiv;; ion fragmen t BC1
2 

-+ (g) fron: BC1
3 

(g) wa.s det:ermined mass 5pectrometrically 

by Osberghau.s c.:b), Marriot:t (~). and Koski <.~) as 13.2 !: 0.5, 13.01 ~ 0.02, and 11.8.! 0.2 eV, respcc'tive1y. From the 

reaction BC1 3 '" e - ::: BC1 2 " + C1 + 2e-. t:he co:rt'espondilLg v..,lucs of llHf
296 

for Be1
2 

-.f. (g) are derived to be 181.9 .!: 11.5. 

177.5!: 0.5, 4TId lli9.6 ! ~.6 kcal/mol, using t.HfO " -95.078 and 28.520 kcal/mol for BC1
3
(g) and Cl(g). These elec;ron 

impact values a.N Superseded by the photoioni:z:ation results of Dibelel.'" 4nd Walkc=l" <I) who report the onset of Be1
2 

from 

3C13 as 12.30!: 0.02 eV (283.65 !: 0.05 kC111)' This yields Mifa :< 159.05 !: 0.6 kcal/mol or llHf2~HI.15 ::: 161.1! 0.5 kcal/l!lOl, 
which are adopted. 

Heat Ca.pacity and En1::ropy 

The molecular structure is ~ssumed to be linear using the Walsh (~) predictions for 16 valence eleC)..['On XY 2 nolecules. 

The electronic states, levels and vibrl!,'tional frequencies are estimated by compari!>on with those for CO
2 

(~). The 3-C1 bond 

dista.nce is estimated using the method of Krasnov (§). The moment of inertia. is 3.564 X 10- 38 g c:n 2 • The enthalpy at 0.::< 
is -3.07 kCdl/rn.ol. 
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Boron Dichloride Uninegative Ion (BCI
2
-) 

( I dea I Gas) GFW - 81.717 6 

----gilbbs/mol---_ -----kcallmol-----
T, 'K Cpo S" -(G"-Ii"2Ia){f W-HO_ 6.Ht' 

o 
10C 
20:> ,., 
30'~ 
400 
500 

." 
10C 
R00 
900 

LOOO 

110C 
LZ:OI) 
lDI) 
14CC 
1'500 

1600 
noo 
lMC 
l'1CC 
;:>[1')0 

;nco 
22')') 

2300 
24CC 
1.500 

26C~ 
270'1 
231"(: 
790'1 
~oo') 

3100 
120') 
130~ 
1400 
3'500 

3600 
3101' 
laco 
3QOO 
-'00,) 

"0100 
4200 
"0)00 
104:::C 
"05')0 

46CC 
"01"') 
48'1C 
10"'01) 
500') 

510(l 
')20'.) 
S30:: 
'i4~O 

"'5C''''> 

ll~ 141 

[I ~ 160 
l2~ 1)07 
12 ~ '5'53 

12.'1"'!7 
B~ 144 
13 ~31)q 
13.426 
t3~ ') 13 

13. ')79 
13.630 
13.672 
1 3. 7C~ 
13.7:H: 

13.164 
13.192 
13.82 L 
13.8"i2 
13.S87 

1l.'il21 
13.'171 
14."21 
14.016 
1' •• 131 

{lhZC4 

14.275 
14.3'51 
14.4)1 
F ... ')14 

14.601 
14.6A9 
14.17'1 
\4.870 
14.Q6l 

15.052 
15.142 
15.23C 
15.317 
I ').4""C 

15.46l 
15.55Q 
L5.633 
15.1~4 

15.170 

15.833 
tS.!\Cj t 
IS.94'i 
15."1<"15 
Ib.')4(' 

16.0f!2 
lb. t 19 
lb.152 
1&.181 
16.206 

63~61 ') 

63.67<:; 
67~O14 

6"~ 1'56 

72.078 

ao~ 1 JCI 
BI.1i'3 
82 ~415 
81.41C 
84.116 

a5.264 
86.C<;I<j 
A6.SBB 
81.636 
AS.34R 

A<';.Cl6 
69.67') 
QC.Z97 
<;10.1:195 
91.471 

<;JZ.C27 
92.'564 
93. eB'5 
~3. 5S<:I 
94.080 

'~j! •• '5 '5 7 
9'5.022 
95.476 
c,:S.9U! 
96.351 

Cle.773 
97.187 
97.'592 
97.QgQ 
99.378 

98. r'>Q 
99.131 
99.500 
<;<;. abC 

10'1.214 

I C~. '561 
tr')') ~9::" 2 
1'Jl.2H 
101.5b1 
IDl.9QC 

63.610 .00(' 

63.610 • C2I 
&4.0'59 loLaz 
61'0 .. 932 7..lt12 

6"-i.'n'i 3.oM: 
&6 .. 95',1 4.Q9C 

61.963 6. ~ I ~ 
65.979 1.6se 
6C;.1J'51 8.99, 

7{).128 1 ':'.352 
71. ')62 1l.7I2 
12.3'S6 13.071 
1'3.111 14 .. 446 
73.931 15.A18 

11..'518 17.1<03 
1S.175 lA.S71 
75.fl04 1'1.'152 
76.4,.,7 lI.ns 
76.996 22.722 

11.'544 24.! 13 
78. 'J-'I 1 25.50P 
78.591\ U'e901 
H.O<)8 2fl.312 
7q~'j9Z n.723 

91.".050 Hot loa 
aOa'5(13 32.564 
aOe94J B.Q9S 
81.371 Jo;.4~4 

fll.186 36.fl81 

E'2.I'H 'Hl.H7 
fl2.564 39.80 I 
82.968 lot.215 
R3eJ43 42.757 
8).11)/\ 44.249 

84. C~<.i "'5.7'5C 
a4.4l4 47.2'5" 
84.756 46.778 
6'5.091) <.i0.30 
RS.4l7 'it.SIt! 

85.736 '53. 3R~ 
M.e5J <;4.937 
66.361 '}t,.497 
Ab.664 <;1'1.064 
e6 c 961 5<;.6H 

87.253 61.21 Po 
87.540 62.804 
fH.RU 64.396 
88. C99 65.993 
as.HI 61.~95 

ee.63'i 6G.201 
118.'1('3 1': .flll 
8'1.16) 72 ~42'5 
s>; ~ 4 t'" H.041 
!'lq~671 7"'...661 

')6f)1') (6.221 10:'.72r' 8"~"119 11.2'112 
'HC') 16.24') 104.0111 q(1~l64 16.<;1')6 

"591')') 16~21C l'H.568 90.643 62 .. l'H 
60eo Ib.178 104.841 Q0.A71 81.785 

- )'5 .·:-O~ 

- JS. rcs - 35.109& - 16.02q 

- 36.scH, 
- 37 .182 - 31.11<1 
- 3R.4(13 

- 19.032 

- 19.67'5 
- 40. 33~ 
- 40.998 
- 41.677 - 42.36'1 

- 43.1)11 

- 43.184 
- 44.,,1'6 

- 4'5.23<:; 
- 45.96'1 

- 46.704 
- it 7.444 
- 48.1S6 
- 41'1.Q29 

- ')5. Co'; 

- '55c 7-9 /, 

- <.i6~ 525 - '51.2~? 

- 'i7~9n - 58.61'19 

- 59 .. }'H'l 
- 60.1n 
- 60 .aC' 1 
- 61.4')1 
- 62.119 

- 62.851 

- 6'3.531 
- 04.191 
- 64.858 
- lab.6'H 

- 187.1 C8 
- PH.'it9 
- U17 ~924 
- I AS ~ 17'5 
- 1 ':la. 72C 

- la9.IIC 
- ISq.'o'H 
- 16"'.88C' 
- 190.7b~ 

- 190.6]4 

- l'll.OCl 
- l"H.)71 
- 191.145 
- 197.113 
- 192.476 

197. R41 
193.2e6 
193.'571' 
t 9). 934 
l 94 oZ9Q 

-
-
-
-
-
-
-
-
-

-
-
-

-
-
-
-
-
-

-
-
-
-
-
-
-
-
-

-
-
-
-
-

-
-

L
isco 16.2')',1 lC4.1<;lC 9C.'oi')5 eO.S1l 

June 30, 1966; Dec. 31,1968; June 30, 1972 

dGI" 

3b.l71 

lbo.179 
J6 0 4<H 
16.686 

36.165 
36.746 
36. b44 
36.464 
36.ll <; 

l';.'H'"3 
35.530 
"'''.1('4 
34.624 
)4.198 

31.522 
32.9(11 
32.244 
H .'541 
)C. ~C7. 

30.02'5 
2Q.214 
ZR.368 
27 c490 
26~ 413 

25c315 
24. r2R 
22. '11 ~ 
71.61') 
7.0.414 

19.126 
17. !lIb 
lb c 4Bl 
15.17.7 
1). 7~e 

12.361 
lO.'i49 
9.57.0 
9.0n 
4 ~ 4b 3 

~0~6 

4.6b'l 
q~ 2"6 

B.il4! 
la.4'.11 

2".'.146 
7.1.664 
32.26B 
_6."119 
41. ':i60 

46.210 
'iO. R65 
'iil).522 
bC'.ln 
f14.R74 

~q.')49 

74.237 
18 ~<}3",; 
R3.634 
S8.346 

-
-

-
-

-
-
-
-
-

-
-
-

-
-
-
-

IA>g K. 

26.'5140 

2"~ 3'56 
Iq~ 941 
16~035 

1).392 
11.411 
to.Oll 
8.655 
1.915 

7. In 
6.411 
~. <.JOl 
5 .... 05 
4.968 

4.519 
4.21« 
1. <.J 1'5 
;.621j. 
3.3b6 

3.12''5 
2.91)2 

2 ~ lIB 
r.953 
1.769 
1.613 
t.481 

.7'50 
~64 7 
.<.>48 
~4'52 

.24" 

~I)C5 

~241 

.410 
.688 
~ 89'S 

I.OqS 
1~26b 
1.410 
1.647 
l~IH 7 

t .q80 
z~ 138 
2.290 
2' .436 
7~ 516 

BORON DICHLORIDE UNINEGATIvt: ION (BCl
2
-) 

Point Group [e2v J 

5298.15 [63.6 ~ 1.0] gibbs/mol 

(IDEAL GAS) 

tlec'tI"onic Levels and QUa.ntum Wtlights 
-1 

State ~ ~.i 

'A, 
3 B1 [12000J 

IS1 (17000) 

Vibl"'at:iol'l.dl Frequencies and Degenera.cies 

Hend Distance: B-Cl t 1. 716 J A 

Bend Angle: CI-B-Cl:: [IDOla 

-1 
~ 

[7501 0) 

(250] (1) 

[775J (1) 

Product of Moments of Inertia: IArSIC tS.SB51 x 10-115 ] g3 c m. 5 

Heat of Formation 

8CI
2 

\.;>f1,.! :: 81.7176 

.cHfC:: (-33.8 1 25] kcal/mol 

6Hf298.1S [-35.0!: Bl kcal/mol 

The heat of formation, llHf';CBC1 2 -, gl :: -33,8 ! 25 kcal/rnol, is obt'ained fr'om an estimated electron affinity for' 

BC12 .,.nd ClHfO(BC1 2 , g) -19.3:! 3.0 kcal/rnol (1). Comparison of the ionization potentials (IP) and electron affinities 

(EA) for the isoelectronic molecules NO
Z 

(1,1), Bf2 (1), and Alf2 Q) indica.tes thdt in each case the difference: between 

t_h.ese two qUdnti'ties (I?-EA) is roughly 7.1 eV. from f'his relationship, we estirr<..ate EA (SC1
2

) :: 0.63 ~ 1.0 eV wi'th 

IP (Se1
2

) = 7.73 eV (lL 

Eedt Capd.city and En'tT'opy 

fhe cOl:"'r-eldt .. on dl.agram of Walsh (l) predlcts a bent conf.Lgurat.Lon for BC1
2 

(18 valence electrons) with a bond 

dngle considerably reduced from 'that for BC1
2

• Based on the adopted dongle for BC1
2 

(lIZ') (].), \ole estim<lte the angle 

in BC1:z- dt 100·. Comparison with dngles for Cf:z and Sif
2 

(1) indicates that the. estilM'ted angle is reasonable. The 

5-C1 bond length is taken equal to that for' BCl (1:.). The individual momen'ts of inertia are: IA = 22.2540 x 10-39 

IB :: :Z0.3590 x 10-
39

, and IC = 1.8950 x 10- 39 g em 2 

The grour.d state electronic configuration (lAl) and first excited singlet s'ta'te (lS1) for BCl:z - are estimated by 

analogy those for' CC1 2 ,and SiC1 2 (!). Also included is a triplet level dt 12000 ern-I. The energy separation 

(SOOO c% ) of the 3 S1 and ... ~\ levels is estimated by comparison with the corresponding vdlues for (~), Sie1
2 

(1.>, 
GeCl], and Sne1

2 
(]). The vibrational f!'equencies are estimated from those for' BCl

l
, CCI

l
, <l.nd SiCl? The 

enthdlpy at" 0 K is -2.7SEl kcal/mol. 
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Boron Difluori de (BF 2) 

GFVJ < 4 

~~--~ibbs!moI ~- --------kcal/mol----_ 
T, "K CpO s· -(Cg-WUIl)(f H"-H":HI& 'Hf" .Gr" 

a .000 .('co INf INITE - 2~'J37 - 141~ 135 - 141a135 
100 8.026 49.610 tll.0l4 - 1.7"'1 14L .04r - 141.924 
200 a.769 55.3110 'j"i.'9()l .Q06 - 1"'0.98'5 - 142.8:B 
298 9.693 59.046 59.046 .Gce - lolol.CCO 1103.742 

'" 9.71C 59.1(6 ')9.046 .CIS - 141.COl - 1'>3.159 
400 10.614 6Z.CZ6 ~9.438 1.0)') - 141.076 - 144.668 
'00 11.3'H b4.477 6C.107 2.135 - t101.196 - lio'!l.5';.3 

600 ll.909 66.59B 61.099 ].29" - 141.HQ - 146 .... 11 
700 12.322 66.467 62.0.?l 4.512 - lIo1.4f93 - 141.2"'" 
800 12.628 7C.IB 62.'\1)3 5.76e - 1101.656 - 10;.8.056 
900 12.859 71.634 63.816 1.035 - 141.823 - 148. e .. 6 

1000 13.035 H.99" 6it.boa B.no - 141.998 l109.b16 

1100 IJ~ 172 74.2lf8 6'5,483 9.641 - (42.18J - Be.He 
llOO 13.280 75.399 60.262 10.96) - 142.J77 - 1'..'il.IC5 
1300 13.3bb 76.4(:'5 67.007 12.296 - 11.,2.561 - 1';;i .824 
11000 13.1036 17.458 67.716 13.63t - 142.795 - 152.527 
15CC 13.1094 18.361 b8.399 140."83 - 143.02(· 1'-'3.215 

1600 13.'542 79.26( 69.051 16.335 - 1"'3.2')6 - 153.686 
t 70C 13. ,)S3 ac.caz 69.676 17,6<H - 143.SC) - 154.5 .... 3 
1800 13.617 80.8'59 70.275 19.C'51 - 143.760 - 1~5. un 
l'WO 13.6107 81.596 70.852 20.414 - 1 .. 4.C24 - 155.514 
2.000 13.673 62.297 11.407 21.18C - 1'04.294 - l56.'o26 

2100 13.696 82.965 71.942 23.149 - 1't4.57(1 - 157.('21 
2200 13.717 83. b02 72.451 2'0.520 - 1'o4.a'52 - l57.613 
2100 13.1)b 84.213 72.9'5'5 25.892 - lfo'5.14C - 158.181 
21000 13.755 1:14.198 73.436 21.261 - 14').'031 - 158.7"'8 
2500 13~ 172 85 ~ ltJC 13.<;ICZ 2B. 64 ~ - 151.119 - l59.l85 

2600 13.189 85.geo 74.353 10.021 - 151.414 - l~q. 5C5 
2700 lJ.8C5 86.4Zl 74.19l 11.401 - 151. 7C9 - 159.8[8 
2800 13.822 ab.'::!2' 7'5.215 12.162 - 152.0C'5 - 16C. lC5 
2'900 13.630} 87.408 1~.627 H.lb'i - 152.302 - 16G.18~ 
;000 ~ 3.856 87.878 16.028 15.55C 152. tee - 1 b(:.663 

3100 1l~8H 88.332 16.411 36.9)6 - 152.B98 - l60.92a 
noo 1.3.892 aa.773 7b.l91 3B.32S - 153.196 - l61.161 
3100 11.'HO a9~201 71.166 3 .... 71'5 - 153.495 - 16\ ."'25 
3400 ll.930 80:;.611 71.526 '&1.107 - 153.794 161.660 
3500 13.9't" 90.('21 11.871 42.sel - 15'o.C94 - Ibl.861 

360C il."no <10.414 78.22C 43.8<n - 1'54.3'B - 162.1(4 
3700 13.991 90.191 78.5'55 "''5.295 - 154.693 - 162.315 
3800 14.012 'H.l1e 78.682 46&695 - 1510-.993 - 162.514 
3900 14.034 91.535 7':1.202 48.091 - 155.294 - 162.113 
'0000 14.050 91.890 79.'H'.) '&9.502 - 216.112 - 16(1.1'5) 

!- 4100 14.078 92.231 7".821 '5(.<;108 - 276.8'02 - 1~7.a'B ... '0200 14.1(11 92.')]7 80.120 '.)2&311 - 276. nr - l54.<)46 

:T 4300 h.124 92.909 8e.414 53.729 - 276.977 - 152.C41 

'< 4400 14.147 93.234! 80.102 55.142 - 277.C48 - 1 4 9.135 

l" 10-500 14.170 93.5'52 80.'il84 5Eo.5'lf - 2770111 - 146.231 

n 'tbOO 14.193 <;13.864 81. (,61) '51.'176 - 277.1S6 - 143. "21 ,.. 47CQ 14.216 <;14.169 IB.'HZ 59.391 - 277.2'56 14G.40a .. 't8CO 14.23'; 94.46<;1 61.1Qa bOoSt q - 217.327 137.49Z 

1I 490C l4.262 94.763 82.060 62.244 - 271.399 - 134. 58? 
5000 14.284 95.051 82.311 63.672 - 277 .47C - L31.666 

"" ~ 5100 14.306 9'56334 82.569 6'3. lei - 211.544 - 12.8.7'52 
5200 14.328 9'5.612 82.fH7 6Eo.533 - 217.617 - 125~ 83C 

C 
53'JO 14.350 95.865 63.061 61.961 - 277.b91 122.911 
5400 l4.371 96 e 154 83.101 696403 - 217.168 - L 19. 9"1'5 

D 55CO 14.391 96.418 83.537 TC.841 - 277 .844 - 117.G66 

~ 5600 tlo-.412 9b.b71 83.170 12.2S1 - 277.923 - 114.146 

< '510(' 14.431 96. 'HZ S3."98 13.723 - 278.('C4 - 111.218 
0 '.ieOe 14.450 <0.184 84.22" 15.16 f - 27.8.('85 - 108.2<;2 
:- 5900 14 .. 4b9 97.+31 84 .... "'5 76.b13 - 27S~ 168 - lO5.36b 

6000 

~ 
14.467 <)7.6710 84~664 78.061 - 278.25) - 1(12.435 

Z 
Dec. 31, 1950; Dec. 31, 1952; Dec. 31, 1954; June 30, 1972 !' 

~ 

-C 
"I 
~ 

Log Kp 

! Nf[N[ TF. 
:He.llt., 
150.(,81 
IOS.365 

le4.728 
19.043 
b).6ll 

S3.HO 
45.<;172 
4('.441 
36.14') 
32.69<;1 

29.876 
.?1.'520 
25.'51" 
n.Ble 
n.l2) 

21.020 
19.8M 
lS.842 
17.923 
L1.0'H 

16.H2 
t5.651 
1'5.0H 
1'.~4,)6 

13~~1E, 

11 ~ .. '.: a 
12.916 
12.491' 
12.081 
11.104 

11.145 
11.1'08 
10.6'11 
10.391 
IG.l Cq 

CO.B4l 
q. sse: 
0;.341 
<;I.llB 
8.783 

8.414 
6. Cb3 
7.728 
7.4ce 
7.lC2 

6.81<;1 
6.57.'11 
6.2M 
6.CC3 
5.7S5 

5 .. '317 
S.28e 
5.068 
4. sSt;, 
4.652 

4.4'5$ 
4.264 
4.0St 
)~90) 

3.7Jl 

BORON nIrLUORl DE (31
2

) (IDEAL GAS) GfW :. 108.9078 SF 2 

Pain'!: G!'oup C
2v 

5 298 15 ~ [ 59,0 !: 0.5] gibbs/mol 

Bond Distance: B-f: [1,30] A 

Bond Angle: r-B-r = 112' 

Clec1:ronic Levels und Quantum ',.je::i gh"ts 

~ ~ ~ 
'A) 

]B
1 

[160001 

Vibrational rreguencie::; dnd Degenerdcies 

_~L_~l!I--=-=-

[ 1080 J (l) 

(500] (1) 

[ 1213] (1) 

Product: of Moments of Inertia: IAIB1C" ('1.3590 x 10·-116 J g\.:11'. 5 

Heat of formation 

LiHO:: -1101.1 .!. J.O kcal!rnol 

6Hf;98.1S = -141.0".: 3.0 kCdl/mo1 

Sriv4s'tava. and Farbe!" (2.) using a. ga.s-inlet: boron nitride effusion cell, perfoemed a ma.ss spectrol'l',ctric s'tudy of the 

equilibrium vapor speci.:!.s ovc!' th.e sys'tem BF 3 (gJ .. B(c). ron intensities for Bf
3

(g), Bf(,;), and Bf
2

(g) were r:teasu!'ed ti1: 

ionizing electron energies s1igh"tly above appea.rance po"tcntials ('\.3 eV) in the tempcratu!'e ruHge 1477 to 1650 K dnd were us€d 

to Dbt-o<lin equilibrium da'ta fo'!' the reaCTion BT3 (g) • Dr(g) ,,7BT
2

(g), we have analyzed tneir resL\lrs and obtain 1.iHr
293 

" 

17.1! 1.0 KCdl!mol from 'th .. third law method with,;. drif"t of -7.1< ! ,.0 eu, the second law value is 28.7 k.cal/mo1. WI:! 

ddopt th€ thir-d law heut of reaction and calculdte tlHf 29S (Bf" g) :: 11<1.0 ~ 3.0 kcallrnol with heats of formation (I) for' 

B:
3
(g) dnd Bng). 

Al1:hough no other expe~iment:al clete.r-minCl.tions of heat of fOr'mdtioTl of Bf, have been rcpo::'to:d, Mdl~&raVC (~) combined the 

appearunce potenti<!l of Sf'] from Bf
J 

of 16.5 eV with an estiITdted ioniz"ltion potenti&l for BF'] OF :: 9.4 ! 0.1 eV) (.::) and 

calculd'ted LEnBF 2 • g).: -121< ! 9 kcal/rr,oL Ba~ed on the JANAI value for AP{SF
2
') of 15.81 cV (~), we calculate llHf;(Sr

2
, g) 

-141,3 kca1/mol by 'the same method, Hargrave (l' 4150 derived ~Hf = -135 kcal/mol fot' 

and selected liEf -(flF" g) ~ -130 ! 5 kcallmol as 'the "bes't" value. 1't is now apparent 

'too positive. 

from alJerage bond .~ne!'gy calculations 

this value is sevet'oll kilocalories 

'.oJe note 'that the adop'ted hedt of for;na'tion leads to d progressio:t in 'the stepwise bond dissociat:ion energies for BF'(g), 

3f2 (g), ",nd 3f 3 (g) which is consistent with tht:!: bond energy scheme predic'!:ed by Hildenbrand (.5J for t:he Group In A fluoride~, 

n3m~ly D 1 ) D2 

and D
3

(Bf
2
-fJ 

Using all JANr\r datd C.~), we cdlculatt: bond dissocia1:ion energies of D1CB-F) !.- 179.4, D
2
(Sf-f) 132 2, 

kcalfmol. The adopted value dlso corresponds 'to an ionization pot:ential for Sf
2 

of 9.4 ! 0.2 eV (.!..J 
which appears reasonable in comparison with I?'s for o'!:heY" Group III A dihdlides (~) and is 'the value estimated for Bl:'2 by 

Steele et d. (~), 

He~ t Capac i'ty and w1'tropy 

Nelson .;lnd Gordy (!) were successful in producing trapped 3F 2 radicals by gamlna in'adia'tion of solid xenon Which contained 

smdll concent!'dtions of SF). r1"'O::'l observations en the electron-spin-resonance spectra. of 'these ra.dieals, a bond angle 01· 112· 

for BT Z was ci:lrivi:ld by 'these workers to account: for the hybridization of 'the co-bonding orbitals of 'the boron atom. we udop"t theit> 

rc~ul't and d:iSUt'le the S-f bond length bo: the 5dlne as tha't for BEl] (~). Th-e "thT'e.c principa.l moments of inertia dre: 

-A::; 8.0701 x 10-
39

, IS:: 7.3317)(: and Ie :: 0.7384 x 10- 39 g em 2 . ~ 
The ground 5t'ate elect:ronic conflgurd'tion (2A).) dnd dOllble't excited state (~Sl) a::'c estimated by analogy ""it'h th~se fo:, 

N02 (~). The vibr4tional fl:'equencies are calculated from 'the seretching and coending force constants of k ::: I) .82 >:: lO- and 

ko/t
2 

:: 0.84 'X 10
5 

dynes/cm by the valence force method. These fOl"'ce constdnts dre estimated from 'those for Cf
2 

and SiF
2 

(1). 
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Boron Difluoride Unipositive Ion (BF 2 +) 

( r dea I Gas) GFW - 48.80725 

----gibbs/mol---_ katl/mol 
T. 'K CpO S" -(GO-H":;n.lrr HG_H"_ AUI'" 

0 
,00 
200 ,.8 IV.511q6 ~J. 185 '53.785 .000 1'1.100 

". to ,60'5 'S3."'!!! '53"'65 ,020 7?',11 0 

." II,'H) ~i'.o32 IIi4.213 t.t26 17.62] 
50. 12,211 '59.6 19 "i5.01l9 2.31'!1 7 A ,oa 7 

••• 12,747 61. 9 '5 "'''',CtAl! J .~61i 76.5-2 6 
roo IJ.l~6 6l.Q'52 '57.009 •• 1560 7".95t 8'. U.IITQ "''3. 7 30 51 .990 6.1 9 2 70 ,369 
900 13,713 61,332 <;1.'1,940 1.~'51 l Q ,1!!1l1 

1000 13.902 (l6.re7 '59.1;53 15. 9 33 ao,1 9 2 

1100 14.052 70.119 "'0,7,1 10.Hl 80,'591 
120 0 I" ,17? 71.)H 61.'561 11. 7 ,n eo .98) 
1300 1 4 .269 7 ..... .55 62.358 13.t65 6t .365 
1400 1 4 .349 7).!)46 "'3.120 ill ,'!I96 at .1]9 
1500 14 ,41 ~ 111.5)6 63.849 16.0,34 82.2 0 2 

1600 1 4 ,AII1'0 75.$10 64.5UI 1 7 • 418 82.45 4 
1700 111;.5 1 6 16.3,9 ~5. 21 S 16.928 82.798 
1600 14 ,5<;6 7T .180 l'i'5.e~7 20,]1'l1 83.131 
1900 1 4 ,5"9 T7 .968 6~.H3 21.~39 6),11159 
2000 111 ,619 18.717 61.067 23.?99 8),750 

2100 14.61. 19.A3i 1,7.639 24.762 lH.094 
1200 110.666 eo .112 61'1.190 26.228 34,4011 
23 00 111,6056 &0,165 fi!"l.72] 27.69 6 84.709 
2.1600 1 Ii! .r0] e 1,]90 ~'9 .23e 29.1 6 '5 &'!!,oor 
2500 1 11 ,119 lilt .99t 1'>9.736 30.6)6 19,913 

2600 1".732 62.'56e 10.:n9 32,t 0 9 60.209 
21'00 14.715 '13.12 4 10.686 33,~"'2 150.50« 
2800 tit ,7'56 83.661 11.140 ]"',O,!!>!'! 150.11100 
2'900 lli .766 e •• 1'1'9 71 ,'H'Il 36,5]' 151. 09 ] 
3000 14.776 all .660 72.009 38.011 81,]84 

liDO 14.71'111 85.164 11.&16 .19.11189 81.61. 
3(>00 14.'1'93 8'5.63 4 12.fllI 40.968 81.96] 
naO 14.090 0 '16.06 9 7).226 42,lI4'1' 82,230 
) All 00 lll.eoa 1'16.'531 13.6 tI ,,).92e 82.5)7 
3'500 14,i!lt'!l 86.960 1].'H!6 45 • ./109 8,..821 

3600 1 4 ,8"2 a7 dYe 74.]53 .I'I.S9, el'1 01 
3700 I" .879 67.7&. 74,'I't O 48,3 7 ] 83. )&5 
leOO 141 .1! 3 t1 1'18.179 T'!o.0'5 9 40.1'!56 8],665 
3900 tll. 1l4 3 !HJ .565 7'5.1101 '51.340 83.9&3 
.. 000 14.3'!!O fl6.941 1~57J.5 '52.1'1215 - 36.959 

_tOO 14.8-;7 '10.308 1 6 ~O61 '5 .... 310 - l6."S) 
11200 11l,1'It'>5 1'10.666 16.361 55. 79 6 - 35.941' 
11300 114.1'172 90.°16 71'1,69. 51,26) l'5,U2 
1400 14,81'10 90.358 77.001 '58. 71 1 - 3(1, 9111 
11500 l~ .~HI8 90.69 2 17.)01 60,115 9 3A.A&~ 

4600 1/,j.1'I97 91.0 19 77,596 61. 10119 · H.01l2 
111'00 14.90S 91.]·0 17 .e8~ 63.?39 - :!l.,U6 
~800 14,9til 91,65. 71'1. 166 611,7]0 - )2,9St 
4900 I" .... ,. 9\ ,1.161 76,447 66,221 32.460 
~ooo 14 ,933 9~. 26) 76,72 0 67,11 11 · :H.970 

5100 14 .... C4 02.559 71'1.981'1 69,201'1 31 .482 
5200 14.',1'54 92.1'1.9 79.252 TO ,1'0) · ]0.995 
!i300 J<I.96 5 9J. U4 T9,512 72.1 99 - )0,51 0 
'}cOO 14 , 97 6 93../I1 a 79.766 7),6 9 6 - Jon .°29 
';500 114.9,117 9].6!!l9 AO ,017 "'5.t 9 4 - 2 Q .'519 

'5600 1".'999 9],959 1\0.26. 76.69] 29 •07 2 
5100 1;.011 94.224 1'10.506 1!'1'1 9 a - ?111.,97 
~600 15.0~J 94.486 eo ,745 19.696 · 2 .... 123 
'"'900 1~.O)5 9&.14 ) 80.980 et. t 91'1 27,653 
6000 15,048 Oa ,995 ~ 1,212 82. 10 ] - 2 1 .18, 

June 30, 1S68, Dec. 31, 1970 

.6.GI" LooKp 

74,.39 ~H.56S 

74.422 - !U .• 216 
73. 4 49 - 40. no 
72.3'!!O 31.624 

71.162 25. 9 21 
69.901 - 21. 62" 
6e.578 18.735 
61.204 16.31 9 
6':1.165 - 14.]77 

611,32· - n.'18 o 
62.629 11. 14 ) 
61,300 · ,0.)05 
59 ,74. - '9.326 
Sf! .159 - e,47. 

56,SSt - 1,1?4 
5/11·922 - 1.061 
~3.211 - 6,463 
51.60. '!I,936 
1"',"'21 - 5.&~5 

Ie .21& - 5.018 
16.501 - 1.620 
l,Ih1". · •• 2~1 
a).o:u · 3.919 
at.Hs5 - 3.618 

39.1J:!ll' · ).349 
3111.281 - 3,099 
36.710 · 2,865 
n.l38 - 2.643 
33.5&0 - 2. a 43 

31. 9 39 · 2.252 
30.332 - 2.01'2 
28 .'15 t. 902 
2' .089 - 1.141 
2'5.454 - 1.5!§9 

2l. 8 12 - 1. 4 .6 
22.161 · 1.309 
20. 505 - 1. t 19 
lS. 8 ]1I - ! .055 
\9*307 t .05~ 

20 ~ 706 - 1.IOA 
22. 0 99 1.1S0 
23. 117 5 t.1 9 3 
211.8]9 · t. ?JIII 
26.166 - 1.'212 

2 7 .531 t .308 
28 • 8 64 t .342 
)0.188 ! .371 
31.895 - 1. 40 5 
32.10'3 · 1.4l] 

3,.083 - I •• 61 
35,367 - 1.486 
)6.6)/!. 1.511 
J1.896 1.5)' 
J9 .156 1.556 

&0.]97 1.'371' 
&t·63~ 1·596 
&25 8 62 · 1. 6 15 
14.080 · 1.63) 
45.204 · 1. 6 50 

BORON DlrtuORIDE UNIPOSITIVE ION (Br 2 ) (IDEAL GAS) GFW :: 48.80725 

Poir:.'t Group [ D""h J llHf; 75.S.!: 0.5 keal/mol 

Si9815 (53.8 2) gibbs/mol llHf;~nL15 77.1 ~ O.S kca1/mol 

Electronic Levels and Quantum weights 
-1 

State ~ ~ 

IE; 
", t 250001 

Vibra"t"iona.1 Frequencies and Degeneracies 
-1 

Eond Distance B-F:: [1.31) A 

Bor:.d A..'1g1e: F-B-r" (180'] 

~ 

[900] (1) 

r )70] (2) 

[1550J (1) 

Ro"tat:iona.l Cor:.stant: BO::: [0.25B5] cm- l 

Heat of Formation 

CT::: 2 

8F + 
2 

The electron impact reaction ,n low pressure in SF:3 (g) has been studied wi th a m6.SS spectrometer by Osberghaus (.!), 

Law {l.), and Marriott (~). From the reported 4?pearance potentials 17.0 t 0.5, 16.2 ~ 0.2, .rod 16.7 'I: 0.05 eV and assumed 

process BF3" e- = Bt2 " ... r"'" 2e-, we calculate the corresponding values of <iHf
29S

(BF
Z

+' g) 4S 1011.S 1: 11.5,86.1 '!: 4.6 

and 85.4 !: 1.2 kca.l/mol, using 8HfO :: -270.747 and 19.357 kC"ll/~ol for Bf)(g} and F(g). These ~1ectron impact: values are 

superseded by the photoionization results of Dibeler and Liston (2} who report the onset of aF
2 

from SF
3 

<1.8 15.B1 eV 

(364.6 kcall. This yields uMfa :: 75.5 !: ·0.6 ked/mol or !l.Hf
298

.
15 

:: 71.11: 0.6 kcal/mol, which are adoPted. 

He t Capacity and Entropy 

The molecular structure is ass'..imed to be linear using the walsh (~) prediction for IS va.lence electron XY 2 molecules. 

The electror:.ic states, levels • .snd vibration.,l frequencies are estimated by comparison with 'those for CO
2 

(..§.). The B-F 

bond distance is calculated by "the method rccorr.Ll!cnded by Krdsnov (,§.J. TIH!· moment of inertia is 1.OB3 x 10- 311 g c.m2 • The 

enthalpy a.t: O·K is -2.54- kC4l/mol. 

~ 
1. O. Osberghaus, Z. Phys. 128, 366 (1950). 

2. R. ''';. La .. and J. L. Margra·ve, J. Chern. Phys. 11, 10a6 (1956). 

3. J. Marriott dnd J. D. Craggs, J. Electron. Contr. 1,194 (l957). 

4. A. D. Walsh. J. Chern. Soc. 1l.i1. 2265 (1953). 

5. G. Herz.berg, "Electronic Spectra of Polyatomic Molecules," D. Van Nostrand Co., New YOr'k, 19S6. 

6. K. S. Krasnov, Zhur. Strukt. Khim. 1:., 209 (l960). 

7. V. H. Dibeler and. S. K. Liston, Inorg. Chern. 2. 1742 (1968). 
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Boron Difluoride Uninegative Ion (BF 2 

UcJeal Gas) GFW . 48.8084 

-- --glbbs/mol---_ kcat/mol----_ 
T. "K CpO s· -(G~-If'D .. )rr no_He,. "HI' "GI" , 

10, 
20r; 
298 9.644 51051l 'In~511 .oce -, i'lL. TeO - lQZ.4'H 

30e 9~ 661 '51 ~ 5 7t 'H~')ll .r1l8 - 191.110 - l<12o'5Cl 
400 10.519 60.41'3 57. 'leI l.fJZ<l - 1'12.7811 - 19.2'.680 
S00 Il.272 62.9t')6 ')8.ob") 2.121 - l'll.'n '3 - 192.107 

600 Il.an 6'5. ell, 'i<;.551 3.771 - lQ'3.561 - \92.605 
101" 12.2'59 66.812 60.467 4 .4B ~ - 194.2l8 - 1'12.3<)2 
~cr: 12.'571, 68.53C 61.373 '5.726 - 194.883 - 1'-12.088 

"'0 12.81:? 7<'.C26 I) 2. 2 '5 ~ 6.9'il'5 - 1.,5.551 - t 91.b9R 
100') 12.99'5 71.3115 63.099 a.lst: - 196.Z2Cl 191.234 

1100 D .. l37 72.631 ~ 3 .. 91 C <;.o;9~ - 196. CJt ') 19('.102 
IlJO ( 1.150 T ~. 7Tq 64.68'5 lC.<J l! - 197. e07 - j'1,,).104 
130::: 13~34:) 74.843 65.47b 12 ~24Z - 198 ~ 'HZ la9~4'H 
140r) 13~1ot4 70; ~R)5 1'16¥ 1;4 lJ.'58C - tcI9.02<; lilS.743 
15CO 1 '~'-7 '.i 76.7b2 66. s'tl2 1' •• 925 - 19'9.749 - tA7.9a4 

lbO') 1'\ .526 77~614 67 ~462 16. 27~ - 20<':'.4e:J - 187.174 
I 7C!~ 13.569 7e~4!lS 66.(lfllt 17.63t: - ;"'11 ~22S t86.320 
IB.)C l10 6~ 7 7'>.2.2 68.6fi2 18.9f;JR - 201.98'4 185.423 
IGlO'l 13.M!. 7<J.9"'6 (,9.2'51 2C.3S! - 202.14'5 - lA4.482 
ZOCO 11.6n 81.66<;1 6<J.810 Zl.7lr - 2"n.512 183.500 

2100 13.1"'1 81.H1 le.34) 23.eS'!; - ?(14.285 182.4f11 
2Zc!1 13.132 51.'nll) 10.858 24.4'57 - 705.061 - UH.4l4 
2300 13.162 B2.0;1'I6 11.354 ?5.832 - 2:,),).34'5 - 180.312 
240'" 1:1. 79) 83.177 71.835 21.110 - 206. &32 J 79.1C6 
2 '.i 0.0: 13.826 83.73b 72.3CO 2f1.5QI - 212.810 l77.q)8 

2600 13 .. 861 84.2711:) 12.71)0 2q~'H<; - 213.595 176.5:?8 
noe 13. aile 84.61l3 13.187 31 ~ 163 - 214.37<1 - 17'5.0B'i 
ZMo 13.qH 8S ~ 3C9 7~.61l 37..7'5'!; - 21'5.161 - 173.618 
2900 1 ~o'9f\l 55 ~ 7qq 14.023 34 ~ 1'5 I - 115~q42 - 172.116 
3000 14~ r.21 86.273 74.473 35.5';1 - 216.122 - nO.";97 

1100 14.076 86.134 14.813 )6.95.f: - 217~4q7 - 16';1.046 
32CO lite Il7 87.182 75.1QZ lS.3M - 2Ul.171 - lh1 • .r.1C 
3300 14.181 87.611 75.562 )'il.762 - 2l9.041 - 1&5.810 
34~a 14.Z37 81'1.042 1";.923 .r.l.203 - 21IQ.8C9 - 164~Z.(,J 
JSt·:) IIt.2<J6 6B.4'55 7f •• 27'5 102. 6;'> CJ - 220.573 - 162.607. 

3600 14.3';7 89.859 H •• bl<J 44.062 - ?21.311 - 16~.q32 
HOC 110.41<; SG.25;l 76.90:;'5 45.501 - 222 .087 - 15<J.24'.) 
3tHI.') 14.4B; 9:9.6'J8 77.284 ':'6GQH - ??2~P;"q - 157 ~ 5:1" 
~91')C 14~'548 9"'~ ('II') 11.606 "SG397 - 223 .'.)89 - 1 '5'5. a II 
.... 000 l4.61'3 'ilO.lBt. 77.921 4<;. fI'.i5 - 345.'iO<) - lSI.Q16 

!- .. leo }I •• 619 <;10.746 78.229 51.HD - )1.6 ~O 11 - 147.077 

"" 420') 14.745 91.101 18. '531 5?7.,,1 - H6.S?'J - 147.709 ::r 4)1'J() 14.all 91.448 78.918 54.260; - 341.0lfl - 131.33<;' -;: 440C 1010.876 'ilL.79C 7C!.118 55.153 - )47.'115 - 132.458 
4'5(":, 14.941 C)l.lZ'5 7",.4<::4 51.244 - 348. CO'> - 127.561 

n 46CC 1'5.(105 <:J2 • .r."i4 79.6"''' SA .141 - 349.'('Q2 - 122 .. 662 ::r 4100 15.068 '92.777 7<:J.9'59 1)('.24'5 - 349.916 - 111.747 .. 
jI 480':) IS.IZ9 91.(lQ5 8(' .ZZ9 61.7')5 - 34'1.45(' 117.619 

490(' 15. l89 Q3.406 80.495 &3.211 - ':S49 ~'n4 1·:11.588 

'" 
'.iOOO I "i.24 7 q~.115 RG.1'56 64. 7<,]~ - 350.4C7 - 1 (,2 ~9.c.l 

~ 'Sloe 15. ".,4 94.011 Sl.rn3 66.32C' - )5~oB8C - 97.9cl1 
'.i20·) \'5.158 94.·H5 8 t ~ 261'; b 1. a5~ - )51.349 - 93.0B 

C '5;('0 15.41 (I Q4.hOB !H.'515 1';,.q.3~.( - )51681,) - 88.0'i3 
a 54<':"0 I5.46e <;4.897 8t.76C 7C~'9H - HZ.2fIZ 83.0)76 

~ 5500 15.5('·8 9'5.\81 B2.002 77.1064 - 352.743 - 78.')50 

')6ee lS.S5t, "15.461 82.24,) 74.031 - 353.206 - 73 .·')86 
< 5701 15.,)Q·7 95.136 A2.474 H.594 - 3S~.669 - 66.077 

~ 5AOO 15.636 96.(lrJ8 82.70'5 77 .156 - 3'}4~119 - 63.'le.c. 
5"H)') t 5~677 91';.276 R7.<;n 79.172 - )'54.589 - 'jR.j44 

!" 6?O('l 15.113 96.53<;1 RJ.1Sl 8C.292 - 3S5.()4B - 53.01 I 

Z 
~ June 30. 19S8i Dec. 31, 1968; June 30, 1972 

,!'o» 

-00 .... ,. 

LogK. 

l'.I.104 

14C.2JB 
1'}')o27') 

1j .... 211 

70.1')6 
60.068 
~1.416 

4b.S'H 
r.I.1<l1o 

31.88<) 
34.6l3 
31 ~8';1') 
.?Q.4h4 
27.369 

25.507 
23.'90;, 
22.513 
'1.220 
ZO.052 

l8.<)<;11 
18.023 
17013'> 
16 .. 31 q 
I .,~ 55'5 

14.838 
11,.172 
13 ~<'>5l 
\2.971 
1(,.1,28 

11. 'HB 
11.4lB 
\0.980:; 
10.5'j8 
10.153 

CJ.l1C 
9.406 
CJ.06(1 
e.7ll 
8.300 

7.S4C 
1.400 
6. QSO 
6.'51'i 
6.196 

~.e2a 

5.41'5 
5.Ill 
4.RI? 
4.500 

4.199 
J.91'l 
].631 
3~ Jet? 
3.10'3 

2.S52 
2.610 
l~ 316 
7..1<)1'.:1 
1.931 

BORON DIFLUORIDE UNINEGATIVE ION (Br
2
-) 

Poin't Gl"OUp r C2v 1 

S298 15 :: [57.5 t O.':'J gibbs/mol 

Bond Di!;,t~nce: B-f::: [1.265] A 

Bond Al'lgle: f-B-F" [100)· 

(IDrAL GAS) 

Electronic Levels And _~uantum Weisl!!!:l_ 

Sta.te ~ ~ 

:;.,,\ 

3 31 r 15000 l 

lEl (35000) 

Vibration.al frequencies and Degener~cies 

w, crn- 1 

[1175] (1) 

[495] (l) 

[1199:] (1) 

Product of Moments ot' Inertia: "AlBIC [3,7481 x 10-
116 ) g3 cm 6 

Heat of rormation 

BF
Z 

GFW 48.8094 

IlHfO :: -190.4 .i: a.o kcal/mol 

llHfi9S IS " -191.7 !: a.o kcallmol 

o " '2 

The Sf'2 - ion has been det~cted mass iSpectrometrically by HacNeil and Thynne (1) and rarber et a1. (~). t1acNeil and 

Thynne (.!l reported the formation of the negative ion at electron energies of approxim~tcly 7.6 eV as <I. result of electron 

bombardment: of Bf)(gL Assuming 'the ionization process to be aT
3

(g) of. e-::: Sf
2
-{g) + Feg), we calculate uHf;(BF 2-, g) " 

-113.9 kca.l/mol from their re~ults wi'th JANAF heats of form4tion (1) for BF
3

(g) and Hg). This va.lue lea.ds to an unrealistic: 

electron a.ffinity (£A} for ST
2 

of -1.1 eV. rt Sf!err.s most likely 'that the Sf;! - ion w .. s formed in t'he dissociative ionization of 

Bf
3
(g) with considerable e:xce$S energy. 

Farber et .1.1, c.!.) observed the formation of the Bf2 - ion in a r:to1ecular flow effusion-mas!> 9p~ct:roTnetric study of the 

Sf
3

(g) ... Kf(g) ... B(d system. Equilibritl'l'l data for the electron transfer reaction BF2 -(g) ... reg) -:: af
2
(g) ... r-(g) were reported 

for the temperature range 1253 to 16100 K. We have analyzed their results with JANAf functions ilnd obtain lIHr 298 = -26.3 ! 1.8 

kcal/r.tol by the third law method with a dr-ift of -1.5 :!: 3.1 au, the second law t.Hr 29S value is -'2~.2 kcal/mcl. We adopt the 

third law value and calculate lIHf
29S

(Sf
2
-, g) :: -191.7:!: 8.0 kca.lImol with JANAF auxiliary data.. The adopted hedt of fornto!.tion 

leads to F-A (Sf
2

) :: 2.14. ! O.S eV. 

Heat Capacity and Entropy 

The correlation di<'l.gram of Walsh (~) predicts a bent configuration for Sf
2 

- (18 valence electrons 1 with a bend angle 

considerably redu(:ed fro!!'. that for SF
2

Cl12-1 (~). These predictions are supported by the experimentally determined bond angles 

for the isoeleC'tronic molecules CF1(lOlO.9~) (ll, Sif
2

Cl01°) (l), and GeT
2

(9I.!G} (:§.). Thus, we "dopt a bond angle for 6:2 - of 

lOO~ <lnd assume the B-f bond length to be the S4me as that for BF (l). The individual moments of inertia are: I A :: 6.8479 )( 10-
39

, 

18 It: b.9240 x 10- 39 • and Ie " 0 9239 x ::"0-
39 

g cm
2 

":he electroniC states, levels, .!oDd q'Jantum we ... ghts a"'e estlr.\ilted by analogy wJ.th those for CF2 <'V The vibrational 

frequencl.es are calculated from the stretchlng and bendlng force constants of k :: 5.1610: 105 and k6/t 2 :: 0.91 x 105 dynes/cm 

by the vdlence force method. These force constdnts arc es'tima'tcd by comparison with those for CF'l' SiF21 and BF2 {.:!.>. The 

enthalpy a.t 0 K is -2.536 kcal/mol. 

Refer'~nces 

}. K. A. G. rutcNeil and J. C. J. ThY:1ne, J. Phys. CheTl'.. 1.::.2257 (1970). 

2. K. faroer, R. D, Srivast,]va, and O. M. UYJ Space Sciences, Inc., Final Report under USAf Contract r04611-70-C-0041, 
AFRPL-TR-71-94., July, 1971. 

3. JANAF TheMnOchemical Tables: BF
3

(gl dated 6-30-69; reg) dAted 9-30-65; CF
2

{g) dated 6-30-70; SiFZ(g) dated 12-31-68j 

Bng) dated 12-31-64; BF 2 (g) dated 6-30-72. 

I.! , A. D. Walsh, J. Chern. Soc, 2266 (lS53). 

5. J. W. Hastie, R, Haui.e, a.nd J. L. Margrave, J. Phys. Chern. 21.. 41191 (1968). 
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Potassium Metaborate (KB02 ) 

0 .000 .000 INfiNITE 2,694 .. 236.634 .. 236,634 I NF"Ifoi lTE 
10. 6.368 6.005 Hotl] . 2.51] .. 2lT ,l61 .. 232,969 509.I!B 
200 12.929 U.3~· 20.48' . 1.427 .. 237 .61"7 .. 226.429 249.616 

". 16.020 19.116 19.116 .000 .. 231.800 .. 22l.&62 16·~O95 

". 1{).O70 19.2l') 19.1 t6 .0lO .. 2)'1' • !II ell .. 223.716 163.020 

••• 18.]20 24.158 19 .175 tors, .. 236.425 .. 218.983 119.641 , .. 20.070 28.""1 21.069 3.676 .. 238.389 .. 214.125 93.~9' 

••• 21.470 32.228 22.636 S.TS'} .. 238.266 209.282 'J"6.231 
'.0 22.600 35.625 24.253 '1'.960 .. 231!1.011 204.465 63.831 
so • 23.540 38.106 25.870 IO.2MI .. 237.6t8 199.683 54,351 , .. 21,1.320 ''1.525 27.455 12.663 .. 2H.H5 .. 194.931. .,.336 

1000 24.970 440122 26.994 15.126 .. 2]7 .t83 190.219 &1.572 

tlOO 25.460 46.526 ]0."80 17.651 .. 2'55.1.0 .. 164.516 36.660 

+}~~- -- -i~! ~~g- ~ --;~~:-~~; -.- -H~;{{------~~!iM---~--~-;-~-;}}f -.. ~ -H f !~!~- --- --~-}~i:g 
1400 26. tA3 52.158 3 4 .610 25.40'1' .. 253.944 16'5.316 25.eOT 
1500 26.])6 '5'.568 lS.881 28.030 .. 253.)50 159.00'1' 23,161 

1600 26.'529 56.27. 17.10l 30.674 .. 252.7$3 152.73'5 20.e63 
11'00 26.722 57.686 38.278 HdJ6 .. 2520156 1"6.~O4 te.eH 
UOO 20.915 '59.1121 39 .'11 36.018 .. 251.556 140~lO6 17 4036 
\900 21.10T 60.6&1 110.'502 3e.'I'l9 .. 2'511).9'5::' .. 13".1') 15.~)O 

2000 27.300 62.21"6 .u .551 "1.410 '" 250.311 .. 126.010 13,gee 

?OTASSIUM M!:TABORATE (KB0
2

) ( CRYSTAL) GFW '" 81.9118 BK02 

llHfC -236 2 J<.cal/mol 

5;98.15 19.116!: 0.03 gibbs/mol llHf~99,15 -237,8 kcallmol 

Tm = 1220 3 K .1Hrr, ° 7.5 l.Okcal/mol 

Heat of ForlT.ation 

Shar.'tsis a.nd Capps (1) measured t:he heats of solution in 2N nitric acid of various K
2

0-B
2

0
3 

glass and crystalline 

mixtur-es containing 1.1-41.0 mole' of KI:0. When 1:hesO!!! results are extra.polated to 50 mole ii, we obtain l.H;oln<2S·C) = 

-11.9 't I: KC<'!II/J:'Ol for' KB0 2 (c) ... HN0 3 <27.75 H2 0, aq) ... H20(O .... KN0
3

C{7.75 HZO, aq) "" H
3

B0,j{27.75 aq) which leads 

to JHf;9S(KB0 2 , c)::: -237.8.': 2 kcallmol, usini,1:he following auxiliary data: tJHf 29S (HN0
3

,27.75 aq) -:; -1.j9.433 

kca,l/mol <l), uHf;9S0<Ji03,27.75 aq} '" -1l1.075 kcal/Jrol tl) and 1l:Higa()-!3B03·27.75 H2 D, aq) :: -'256.37 kcallrnol (~). 

The value, 2lHf;9S(K80 2J c) ::: 1: 2 kcal/rrol, is adopted in the t.5bulat"ion. Since the heats of fOr'J:'Iation of LiB0
2
(c) 

and NaS0 2 (c) der'ived from their heat-of-solution data are in good agreement IJ'ith those values (~) adopted, their 

heat-or-solution data should be :teasonably rel'iable, although the calorimetric treatment was loose. 

Heat Co!I.pacity and Entropy 

P,1ukov, Khriplovich and Popov (~) have measured 1010' ter.'lpt:'!'iJ,1:ure hedt capacities f!"orn 12.11 to .312,22 K in dn adid.bdtic 

calorimeter', The adopted Cp dre derived f::-or.l their experimentdl heat capacities by a polynomial curve fitting technique. 

The derived entropy is 19.116 t 0.03 eu based on S12.11 :: 0.0353 eu. Heat cape,cities above no K are E:stlTl',ated by 

comparison -;.Jitn those NdB0 2 (c) (.?) since both NaB0
2 

and KB02 have. same type of crysti!ll s't"rtlctur'e (]), 

Thermal analysis data (.§.) have. been intc!'p!'eted in terms of oS. crystal transition .5t 785 e C. Deta.ils of these studies 

.5re not ilvail<ible and it is not clear how reliable this in'terpre.ta'tion is. We note, however, that, the r>eported ter.1perature 

(785°C) is essentially the same as the em:ec-ric temperilturc of KB02 with K
2

B4 0 7 (~, 2..2). We tentatively adopt 4 single Cp 

curve without d transi'tipn. 

Melt.ing Da'td. 

Our analysis of several sets of binary phase data (_'!. J, g-~) yields the heat of melt:ing, uHm::; 7.S :!: 1 kcalhnol, 

The adopted melting point: (91<7°C) is a I.'c:ighted average of the obscrved data Cll.-.lj} which vary from 940 to 9!lO~C. 

Ri!.fc.r"ences 

L. Shartsis and W. Capps, J. Amer. Cer'am. Soc. 2.7., '27 (HI54). 

2. D, S. Nail. Bu.r, Std. Tech. Note 270-3, 1969. 

3. The hedt of formation of KN0 3 (aq) is calculdted from JANAf lIHf;9S(KN0
3

"" H2 0, aq) :: -109.B6 kc.!!.l/l""lOl with the heat 

of dilu-rion 0. given by V. B. Parker, U. S. Nat:l. Bur. Std. NSRD..S-NBS 2, 1965. 

This value, kcalll'lOl. is extrapolated from 'the heats of formation of H3B0
3

·50 H
2

0 and H3B0 3 'lOO H20 listed 

in reference ;:, 

S. JANAF LiB0 2 (e) and NaBOZ(c) tables, dated June 30, 1971, 

5. 1. E. P<lukov, L. H. Khrip10vich and A. p. Popov, Russ. J. Phys. Chern, '~. J09 n~170), 

7. R, \-1. Wyckoff, "Crystal Struc'ture," 2nd Edjeion, Vol. 2, PI' 3'27, Inter-science, Ne .... York, 19610. 

a. A. G. Ber:-gman and L. N. Mikhalkovich, Russ. J. Irior-g. Chcr.1. ,!.?, 1173 (1970); ~. 1668 (1969). 

9. A. G. Bergm.'1."l a.nd L, N. Mikhalkcvich, Russ. j, Inorg. Chern, .!,l, 1359 (1970), 

10. A. p, Rollct, Comp't. Rend, 200,1763 (1935). 

11, A. G. Bcrgman, et <11., Russ. J. Inorg. ChlOl1'.. L~. 1339 (1970); !.:!,. no (1969"); Zh. Ncorg. Khim. 2, 6142,26111 (1957); 

RusS. J. Gen. ChI;! In. l?, 1831, 1993 (1955). 

12, D, S. Lesnykh, I. G. Eik]Lenbaum dnd S. A. Chernyakhov5kay~, Russ. J. Inorg. Chern . .!.§.' 1020 (1970) 

13. H. S. Van Klooster, Z. A.'"lor'g. Chem. ~, 122, 135 09l0}, 

14. 1, Yd. F'edoseev, Russ. j. Inorg. Chcm. l. 111.11 {1950}. 

15. z. D. Mamedova, 1. R. Samedov and p, r. Rza-Z,'lde, Azerb. Khim. Zh. ~ 0), 82 (,:,.969). 
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Potassium Metaborate (KB02 l 

(Liquid) GFW ~ 81.9118 

gibbs/mol---- kcal/mol---_ 
T. "K CpO S'" -(GO-H~",)!T H"-HO_ M'~ ocr Log Kp 

• 10. 
2 •• 
"e 16.0;"0 21.24" 21.2114 .000 .. '23.,400 .. 221.096 162.06& 

, .. 16.01'0 21.343 2t.~U .0]0 .. 23",40\ .. 221,014 161.009 , .. 1~.320 t6.2e6 21.90.) f.rH .. 235.025 z16.4J' ! 18.254 , .. 20,01'0 )0.569 23,:Ul' 3.6ft! .. 23&.989 211.789 92.513 .0. 21.iIIl'O )4.356 24.164 5.755 ... 234,866 2°7.15& 75.457 TO. 22.600 3T.1~J 26.381 7.960 .. 2)8.671 202.555 63.240 
eo. 23,51110 GO,!]II 21.9ge 1 0 ~ '269 .. 234.417 197.9B5 54.061 
9 •• 35,000 ,&.7oS7 29.640 13.632 .. 2)3.146 193.500 46.ge8 

1000 35.000 ole.4l'4 31.342 17.132 .. 231.179 .. 189.167 4t ,lAc 

1 tOO 
1200 

-(30'6---

35.000 '51.8tO 3].054 20.612" 249.359 .. 183.948 36.5a}" 

~~! ~t~ -----;·i~~}} ---. i~ ~ i~·~ ------~i~l ~~ --- ~ -~-:{-:-~·t} - ._;- ~~ ~: ~~:. -----:-:-:-~ ~ ~ 
'400 
1500 

)~.ooo 60.251 )8.014 It.a32'' 244.819 l06.6t!1C 26.020 
)5.000 62.665 J9o~78 34,632" 243.31Ui .. 161.1'52 2l.450 

~~9Q ____ }_5_._0_~~. ___ ~~jJ~~ _____ .)_._<?~~ __ 
poo )5.000 67.0U 42.~'S7 

38.132 .. 2U.tH" .. 155.T18 
--41-.-6-:fz----.; -i.lo ~ Q60 -- --;.- -l-~fo-:ffi-· 

1800 35,DOO 69.041 .. J.913 '5.JJ2 .. 239.042 2450.129 
1900 35.000 70,9]9 .5.343 48.6)2 .. 231.640 139,9'0 
2000 3!:i.OOQ 12.134 le,668 ~Z.132 .. 2)6.'249 .. 134.83011 

June 30, 1971 

21.210 
-19~332-
17.620 
16.091 
1G.7H 

POTASSIUM l{£TABORiI,TE (KB0
2

) ( LIQUID) Grw 81. 911S BKOZ 
S;:38.1~ 21.244 gibbs/mol .lHf29lL IS -2J4.400 ked/mol 

'I'm -:. 1<:20 3 X t>Hm o = 7.5 1.0 kcal/mcl 

Tb :: 1674. £: )( llHv
O 

'" 5 7.1 kcal/mol 

Heat of formation 

The .:>f'!f29S (t:) is calculated from tha't of the crystal by addition of Mlr:l.· and the difference between Hl220·H299 for 

the crystal i!.nd liquid. 

Hea.t C",pdcity and En1:ropy 

The conStant heat cilp.5city of the liquid 11'> estimated to be 35 gibbs/mol based on th,a1: of LiBO:/ t) (]) which was 

derived froln high ternpcrat"u:N?: entha.lpy m<easurements. A gldss trailsition is ..... ssumed a.t B12 K below which tnt:! hea't 

capacities 4l'1: assw.med to be the same d!1 the crystal. 

The entropy. 5 29B :: 21.2410 eu, is obtair.ed 5..n a manner and1ogous to the heat: of forfndtion. 

Melting Data 

See KB0 2(c) table elated June 30, 1971. 

Vaporization Data 

The boiling point is calculated as the temperature at I.Ihich ilGr :: 0 for KB0
2

( t) ... KB0
2
(g). The heat of vaporization 

is the difference in .jHf~ il1: the boiling point between liquid dud gas. 

Reference 

1. JANAF LiB0 2(0 table ddtcd June 30, 1971, 
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Potassium Metaborate (KB02 ) 

( [dea I Gas 1 GFW - 81.9118 

____ gibbs/moJ____ ----_kcal/mo.!----_ 
T, ~K 

o 
100 
>0. , .. 
>0. 

"'. ". 
'.0 
too 
"0 
.00 

tooo 

CpO S" -(G~-H~H.}rr W-WI'Jla Mlf' 

,ono 
10.4'4 
12.snr 
14.tOb 

1 ~.1 J3 
t5.2Q(,j 
to. 1 "1'1' 

ItI.e, ... 
17 .lll" 
P .7"'7 
I tI.O~f> 
11:1,3"10 

llJ,$6) 
lt1.T'H 
Id,81'!O 
lti.9Q9 
! 9,0 9 9 

,01)0 
57.666 
65.746 
71.00;.5 

1"1.10113 
1"').317 
1"8,81'\6 

at ,e9J 
1'\4,'5<''1' 
R6,fI'I't 
R15,9A3 
90 ,'Ilf)2 

92,6;;2 
911.,1II1iI 
"'5.190 
97.1 94 
"'8.~08 

pH"pnH 
1'1'.'1';6 
1'.1'98 
7!.Q'S5 

71.0'56 
'I'1.6i'5 
7".736 

1"4,01(1, 
1"-'. ]3S 
1"".,,33 
11 .~90 
'/'Q.091 

RO,2'51 
III t , ~",8 
6',1107 
"1.1114 
,lUI, 3'1'6 

• 1 

.O,,,, 
1.'501 
l,Ol'<; 

4.12'5 
~. 41'5 
"'.191 
9.9 A3 

11.",,06 

13.652 
1"1.0;11 
17.]01'\ 
19.'9, 
?1.t'H· 

'"' lI.t'l.bll 
1 ~/l."'1.J 

'" 160.1'!60 
161.100 

... 11'.1.10'5 
'"' 161,971 
'"' 162,,.90 

16,.~96 

.. '''2.~96 
11.' .195 
1'!11.49~ 
16). eo~ 

IIn·.OJ9 
11'1'\.138 
lA3.".5 
!1!I).359 
tin. GIn 

"GF 

160.411 
161.401 
161.091 
162.64.5 

162.658 
'" 163.023 

163.249 

161.411 
163.5?2 

.. 163."193 

.. t6l.6:!,!

.. 163.6,:? 

.. \62.'56A 

.. 16<'.697 

.. 15~ .82'4 
1501\.9.0 
1515.050 

Log Kp 

lIoirp.ilH: 
]52,7/12 
111,125 
119.22/1 

11 S. 496 
89.01"2 
71,356 

59,'522 
51 .O~4 
11111,692 
39,73J 
35,759 

32.299 
,9.2",7 
26,70t 
?4,'99 
'2,591 

Hg~---- -i-:-~}a ---IB~~ ~~~- -- -~-~~f~j- ----~~:~~i----:- -}~}:f~~-- -;:- -!-;-:-:-i-ii-- ---~g !H~ 
1/H10 1'1,116 ll')7,011 ,1117.o3i' ?A.Q,,? "n.912 149.3'5 11\,130 
19000 19.366 10).0'51 1'\1.11116 2.'1.A96 p~4,OT6 147.}9Q 16,9'S5 
;;;000 l~,.t4 11')'.0"'1 A~.6J~ )0 • .11)6 1,IIl4,?/I') U"i.4f,.u 1'5.1)96 

'100 
'200 
:noo 
'400 
?SOO 

::!~oo 

::<700 
'1\00 
?900 
.)"00 

3100 
3200 
3)00 
HOC 
3!;OO 

)600 
3100 
3800 
3900 
40GO 

4jGO 
4?OO 
4)00 
HOO 
4500 

4#'00 
4roo 
41\00 
~QOO 

5000 

~>I 00 
'5,00 
'S]OO 
'5400 
'5~OO 

5600 
5'1'00 
51'100 
5900 
6000 

19 .4~1.I 
!'1.1I"9 
10;.5?0 
1 v.'5 4 1 
j"l,'H2 

! 9.673 
1"'.61\~ 
! "'.6 0 6 
19 • 70 & 

19.115 

19,71') 
19.01 
t9,7;fI 
19 ,7115 
11,/.7"11 

1 9 • 7 0;7 
t9.762 
19.7"" 
19 • 71 , 
19,17~ 

1"'.r Il O 
!9.,/,fu,1 
19.1111'1 
! 9.7QI 
19.704 

1I,/,79r 
1\I.eoo 
Iv.lIl'i? 
19,605 
19.807 

19.~ I 0 
19,AI? 
1'oI,Pl1 4 
19.616 
19,fll1'1 

10'5,000 
1/,)oc,.90'!:> 
10 6.7'1'2 
107.A04 
1(13,1102 

109,170 
109.910 
110,!'.?4 
1 t 1. 3t.3 
111.979 

1I'1.6?1I 
113,2 1119 
i lJ.a~s 
114.1iIIII) 
IIS,OPI 

1t'S.'570 
116,110 
11",636 
117,1 119 
117.649 

1It1013 7 
llA.61) 
119,078 
IIQ.'LH 
119.977 

1'0,412 
l,n,l'\37 
l'I,2~4 
1 ~1, 6/\2 
In.062 

1?',I.I!j1il 
In.631J 
123.21 S 
PJ.'51!6 
123.91i19 

1?4.306 
i?1.6"r 
P''j,Ofll 
!?S.l40 
1'''i.613 

"Q.3 90 
Qn.I?1 
90.826 
"', ,508 
Q:? t6e 

"':?e0 1 
93.427 
91J1.0'.e 
90,613 
95. )1110 

9"1,1)3 
96,2 70 
91'0.194 
97 •. ,05 
91,A02 

9/\. 28~ 
91'\,1",3 
Q9.,26 
1)9.6 79 

10n .12" 

100."1'5>0 
100,9 111 0 
11')1. )Q,!:> 

In1.iW3 
11')2,,02 

10~, :;93 
102.976 
103.3'5» 
10 ).12'2 
IO.ll.oe5 

1(')11,4141 
1/)11,7 9 2 
IfI'SoiJ6 
10",474 
I1'1S,R06 

l n6.13 4 
1n6,11,)6 
10 .... 772 
107 ,0"1" 
101' ,391 

)2.179 
34."''' 
36.671 
31'1.('1'0 
41).'56t1 

112.0;04 

IIa .'505 
116.4",1 
41'1.431 
~n. ~96 

o:,?',]6] 
51.1 .))0 
'56.]00 
'5 I! .;?10 
.... O.ill\ 

6'.?13 
1,.Ii.1 tI~ 

M. .159 
611.1 )) 
70. tOA 

T?Ofl) 
14 ,0'59 
76.0)6 
TA.OIl 
10.090 

.51.961'1 
8),911'" 
8')."'1'5 
I')'I".QO. 

"'9.IIA) 

91'!!"'2 
9,."42 
9,),1'1<'2 
qr ."Iill 
90.18) 

101.7('1011 
10).1A"j 
10"1.7"" 
1()1'.70" 
109."\10 

June 30, 1971 

.. 11III,A2/i 
nU,fl14 
I ell.8 Ii 
IA"I. n20 

.. 190.62A 

190,I'ISO 
.. 191.081 

101,1:?) 
.. 191,'HII 

19',1'136 

192.110 
t9,.398 
IQ1.6ge 
193.0t 6 
193,:U9 

.. l'H,70t 
!O.tl.01 011 

.. 191:1,11161'1 
191:1."86 

.. 316."110 

1\11.7'5011 
.. ,,7.0,,5 

It 1. ])6 
lj1,6!'!1 
HA,074 

1\JII,"'i06 
lIl'\.Qa7 
HO,'HT 
110,IO;? 
li10.71i12 

.. )?!,U3 
112.703 
)71,02S 
,;n,912 

.. p'., .86) 

32~ ,R80 
;?";,961 
,,~,! 06 
37°.311 
nO,C;17 

14).'519 
- 11:11.'161 
.. 139.608 

131.636 
1l'5.551 

Ln.l41 
131.12'5 

.. 1211,90, 
12;;.663 
l211.4?l 

.. t 22 o! 11 
t t9.910 

.. 11 r .6.2 
110;.363 

- 113.0rr 

Il0.17a 
101'1.1167 
1060146 
10),.§?2 
9Q,ll5 

9).90? 
&~ .A60 

.. e].013 
71. '56.~ 

.. 72.100 

.. 66.62'11 
61.1l1l'\ 
'55.6'51 
50.t '5" 
~II .&4 t 

H.I0'!l 
H.'567 
2~. 007 

.. 22,4.3" 
1",.e40 

11.231 
5,f>r·<:} 

.041 
'5.710 -

11 .406 

14,936 
14.(6) 
! 3.266 
12.533 
t 1.8~0 

11,208 
10,61.11 
10 ,061 

9,546-
9.0066 

8.&13 
8.139 
7.70! 
1.1115 
1.061 

6,725 
6,/107 
6,10'5 
'5,816 
!:../IH 

5.00') 
• ,603 
lI.219 
3.eS) 
3,502 

l.U6 
2.843 
2.53. 
2,237 
t,9"J1 

1.676 
1 ,iii 11 
l,t'S!:. 
.90! 
,669 

,439 
.215 
,002 
.212 
.41'5 

POTASSIUM METABORP.TE (KBO
Z

) _ (IDEAL GAS) GFW '" 81.9118 

Poin t Group C
s I1Hf(j '" -160.10 6 kcallmol 

5298.15 '" 71.1 1 gibbs/J:.o1 l1:1f298.15 -151.l:!: 5 x.cal/mal 

Ground S'ta'te QUdIlt"U!!l Weight" 

Bond Distance: 

Vibr'ationdl frequencies a.'1d Degeneracies 
-1 1 
~ ~ 

1952 

1081 

5" 
5" 
,5\ 

88 

:<-0:: [2.4] A, O-B (1.36} A, B"'O:::: (1.20J A 

Bond Angle: K-O-B = [90· J O-B=O (180') 

Product of the Moments of Inertia: IAIB1C:; [5.7896J x 10-11
1.1. g3 emS 

He4t of Forntation 

IJ" ::: 1 

BK02 

Jensen (.J) deterttir.ed equilibrium constants for the reaction: Keg)" HBO:;?{g) .... KB0 2 {g) .. H(g} by fla.me studies, 

This technique involved several assumptions, the most basic of which was th4't boron 4dded to H/N 2 /0 2 flames wa.s converted 

completely to H90
l

• The hydrogen atom concentr4tion was taken from previous studies on such fla.mes. Pot4&siwn met4boI'4t:e 

WilS assumed to be formed in the flame. The concentration of K atom was determined by atomic absorp'tion spectrophotometry. 

JANAr third l<!w analysis of his equilibrium constant equation in the temperature range from 2000 'to 2600 K yields 

ulir-(298 K) :: 3.66 :!: 0.510 kcal/mol Clnd the drift 1.26 cu. (Second law heat of reaction is dHr 298 :: 0.18 ked/mol.) 

Using the third law uHri98 and J/'J'lAf auxiliary data, we obtain ilHf
2SS

(KE0 2 , g) ::: -1131.1 kcal/mol. The uncertainty in this 

result is about !:6 Kcal/t.l.ol. 

Heat Capacity and Entropy 

Seshadri, Nimon And White (1) observed the infrared spectr4 of K30 2 in an argon na.'trix an.d made a complete a.ssignment 

of all six fWldamentals which are adopted in the t.shulation. The uncertainty of the calculated statistical entropy at: 

29B K is estinated to be !1 eu which is due 'to the magnitude of the matrix shifts fr<l~ the free molecule spectrum, 

particularly !"or the lower frequency modes. 

The t'lolecular structure, bond distance .!i.nd bond 4'r.A;le of KB0
2
(g) are assumed to be the SM.e as those of LiB0 2( g) and 

N ... aOZ(g) (1), except the bond dis'tatlCe K-O which is estimated to be intermediate be"tween thc~e of potASsium fluoride and 

chloride. The three individUal :JlOments of inertia arc: I
A

:: 27.8881< x 10- 39 , IS::' 6.1069 x 10- 39 and 

Ie:: 33.9953 J( 10-39 g cm2 • 

References 

1. D. E. Jensen, Trans. Faraday Soc. ,§2, 2123 (1969). 

2. K. S. Seshadri, L. A. Nimon and D. 'Nhite, J. HaL Spectry • .!!.Q, 128 (1969). 

3. JANAf I..iB0
2

(g) and Na30
2

(g) tables dated June 30, 1971. 
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Lithium Metaborate (LiB02 ) 

(Crystal) GFW-49.7488 
----------------~ 

----li:ibbcfmol---, kcaUmol-----
T,'K CpO so -(GC-H"IIS.)n' H"-H"IN &.Hf' • cr logKp 

• ,ana .000 PH'INtTE ".t4'5 2112.::>73 .. 24;:>.:?7] INfINITE 
,.0 4.11 9 , 2.4]6 ::'2,236 - 1.91\(,\ 242.921 .. 23A,lIlI1 5n,ooO 20. 10, ]09 1,434 1 J.~';;! - 1.<'25 213.368 - 2]4.56'5 2'56.321 , .. 14,011,9 12.36 11 12.36l1 ,noo 2.3 .... 00 '" 230. tS4 166 •. 12'9 

30. 14.'H\~ 1?4,}] 1;(.361. ,O?7 .. 243,602 .. 23001('11 IIH .629 
.00 11,OOA itJ,996 12.9.H 1.61' .. 2"'.611 .. ?2'5.Se~ 1;?3.2'56 
'00 1~.71'\1 ?O .9~9 1111.180 3,404 ?44,441 220. g e8 96. ~9. 

'00 20,329 '.III.5'S) 15.61 , '5,)61 ?41l1,427 211h 291 1'!.1I!16 
700 :?l,7n '7.796 11.1'! 7.467 214-'1'5 211.6111 66.070 
'00 23.1,,9 )O,19!S le.eSt 9,1111 244.103 20".,960 '56.5)9 
.00 2" ,511Q H.603 ?0.158 1(1.101) 243,780'1 202. )]'5 49.13' 

1000 2~ • .e97 36.20;9 21.6]7 111,622 243.368 197.749 ·3,213 

J).~!? _. _.?! !l~ ~ ____ }_e_._~~~ ____ ?~.l' ~!,_2 ___ . __ lJ_.J'_~~ ___ ~ _1~ ~J!)_4L ___ :.1. ~J!?,J ? _____ }J~_'Ll_lt't 
1200 2U.5~6 41.2115 24.493 21'1,1'171" 242.~O,) .. IM.7?!,! ]'',In 
IlOO 29.9;?.11 ·l.'559 2S.erO 22.991'i .. <.'41.457 1840301 ]0.9". 
11100 31.259 1l5.e?6 21.:?!!) 26,05'5- .. 240.'594 179,93'5 ;=8,069 
150Q 32.593 1l6.0?e 2e.'529 29,2IU3 .. 239.616 17'5.!!I]8 25,590 

1600 33,9:7A 50,p·. 29,815 ]2.574 .. 2~", '5 2! .. 171. AOIi 23,1113 
1700 l5.2~5 "2,71'0 ]1,1)75 16,0]3 .. 21?J56 16".9~1'! 21.3]0 
1/100 ,}0.585 S •• 3;=3 12.)D9 ]9.6?5 .. 21'1{,"45 ... r59.701 19,HO 
190n 17 ,91 ~ ')6.])7 )J.'Ht A3.350 2/\9.215 15],5(,Q 1 r ,66'5 
1'000 39,24J '!Ia.ltS )4,712 47.2011 .. 2lS1.iII64 - 11111' .'S;?9 1tS.12l 

'---_______ --'-J.::un::.:.'---"30:c,~1':.:':.:'_'_; -",De:. 31, 1964; Ju:;"::;e:...:::30::.!,..::.;l':,:':.:1 ________ ...J 

LITHIUM H::TABORATE (LiBO:/!) ( CRYSTAL) G,... " 49."88 BLi02 

cEfa -242.3!: 0.2 I<:cal/mol 

S;9S.1S 12.36 0.05 gibbs/mol ",Hf296.15 =: -2:03.5 :!: 0.2 ked/mol 

Ll:I :: 1117 1 K ~Hme 8.08 0.12 keal/mol 

ffea't of Formation 

Sinke c.!) meAsured c:alori!!'.etrically 'the heat of solution of LiB0 2(c) in O.SN HIl0 3 , IlH;oln(25 C C) '" -10.93 :!: 0.05 kca1/:'1:101 • 

for LiB0
2

(e} .. HNOJOll H
2
0, "'q) ~ H20(£} ... H

3
B0

3
011 H

2
0, 4q) .. LiNOJ{lll H;20' aq). which leads to the adopted heat: of form.ation, 

uHfi9S(LiB02, c} -243.6!. 0.2 kcal/mol, llsing the following auxiliary data; uHf29S(HN030111 H20, aq) ':: -49.411 kca1/1T101 (1) • 

...>Hf;SS(H20, .0 :: -68.315 ked/mol <.!). il:ifi9S{H3B03·111 li
2
0, aq) = -256.335 kca.l/mol <.!.) and ~Hf29S(LiN03'lll H20, aq) ;: 

-115.944 kcd/mol C.;~). 

Shdrtsis and Capps (~) measured heats of solutio_"'! in.2N nitric acid of various Li 20-B
2

0
J 

glass .snd crystalline mixturev 

cont4ining 2.5-Li8.1.; !:'Iole \ 01' L.i 20. When their results ~re ext'rapolated to ~O mole \, we obtain fl.H;oln(2S"C) ':' -10.8 :!: 0.5 

kcal/mol for LiBo
2
(e) + HN0

3
(2?75 H

2
0, 4q) .. H

2
0(t) -. LiN0

3
(27.75 H

2
0, aq) + H

3
BO/27.7!, H

2
0, aq). The calculated heat of 

formation based on the following dd.tA: olHf
29S

(HNO
J
.27.n H

2
0, u.q)::: -1<9.1<33 lecal/mol q), uHfi9S(LiN03'27 75 a.q) :: 

-llS.BSI.! keal/mol {.§) and ...IHf29SCH3B03·27.75 H
2
0, aq) :: _256.37 kcal/mol '§.>. is ~Hf298(LiB02' c) ::: -21<3.9 !: k:cal/mol ;.1hich 

is in very good agreemen t. 

.:~edt Cdpacity and Ent:-opy 

Stull ct al. 'll measured low temperature Cp data from 15 to 320 K. we use their smoothed Cp values to derive 5 29 & ';: 

12:36 !. O,OS eu ba.sed on Sis:: 0.017 eu. McDonAld (~) determined high temper-atur-e enthalpy data. n. ... om 2Sa to 1116 K by drop 

cdlorime'try. The low temperature Cp dnd high. temperatuN enthalpy data are smoothly joined at 2~B K by a pOlynomial curve 

fit1:ing techni.que. The aver4ge deviation of the observed ent.halpy dat'a fran the adopted values is about 0.3' in 'the 'temperature 

range frcm 42S-1062 K, d1'Id the maximum is 0.55\ 4t 922 K. The Cp values d.bove Tnt are extrapolated from tht! adopted polynomial 

function. 

Turdakin a.nd Tarasov (~) also measul"Cd low temperature hea't capacities (55-300 K) i.n an adiaba'tic calorimeter, Their values 

deviol1te from the adopted Cp by approximately 2\. 

Melting curves from binary phase studies (lg, g, l.V ha.ve been interpreted in terms of a crystal tr.!!.nsition near aoo~c, 

although the most recent paper C;U) indicated no transi'tior:.. '1'010 high-pressure polymorphs lUlve been observed (l!) but there is 

no evidence or their stability a.t atmospheric pressure. Enthalpy data (~) showcd no obvious transit:ion neal'" 800·C; points at: 829 

and 8J5~C show~d I'easonllble premelting contributions of about 100 and 300 cal/mol, respectively. Although this evidence does J'lo't 

preclude the existence of <I. transition, Clcfini'te evidence would be needed to establish such a t:!'ansition. 

Mel t ing D~.t;,~ 

See JAl'l'AF LiB0 2 {t.) table dated June 30, 1971. 

~ 
1. G. C. Sinke, private COm.munic4t'ion, The::."1Tl.al Research Lab •• The Dow Chenical Com.pany, Midland, Mich., April, 1961. 

2. U. S. Natl. Bur. Std. Tech. Note 270-3,1968. 

J. This valu.e, <.lHf 299 (LiNO
J
'lll H

2
0, aq) = _115 

a. ilL 0.171 ked/mol for LiN03 ·''''' H20) ... 

9114 kC41/rnol, is calCUlated based on the following 4uxili4t'y data: 

. (111 H
2
0) 

Bur. Std. NSRDS-NBS 2, 1965. *L was obtained fl"'O:lI V. B. Parker, U. S. 

b, <.\Hf;ssCl.iN0 3 ,a> H
2
0) .:: -116.115 Kcal/mol 

This value is the sum of t.Hfi96(Li+."" H20):: -66.5:'5 kcal/rnol and uEfi9S(N03-'G:> H2 0} :: 49.56 keai/mol (.fl. The former 

is derived from JANAF 6Hf29S (LiOH.= H
2

0) :: -121.525 kcal/mol and JHfi9S(oH-'''''' H
2

0):: -514.97 Kcal/mol (1). 

4. L. Shar'tsis and W. Capps, J. A-ner. Ceram. Soc. 12, 27 (1954). 

S. This v.s.lut:!, -115.954 kc ... l/mol, is calculated from ,).Hf;9S{LiN03 '''' H2 0) :: -116.115 kcal/mol and *L:: 0.261 kca:/mol for 

LiN0
3

·(a::> H
2
0) .... LiN0

3
·(27.7S H

2
0) reported by V. B. Parker, U. S. Natl. Bur. Std. NSRDS-NBS 2,1965. 

6. This value, _256.37 kcal/mol, is extrapolated from the heats of formation of H3B0 3 '60 H
2

0 and H
3

30 3 ·100 H2 0 listed in the 

U. S. Natl. Bur. Std. Tech. No~e; 270-3, 196a. 
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10. L 1. Ki1:B.igorodskii, T. A. Popova, O. K. Botvinkin, J. Phys. Chef:' .. (U.S.S R.) ~, JaO (1933). 

11. A, G. BerglM.n, A. 1. Kislovii ar:.d V. I. Posypaiko, R\J,ss. J. Gen. C'1ern. 12.,1831,1993 (1955). 

12. A. G. Bergr.'tan and D. I. Bondar-evd, Russ. J, Inor-g. Chl>lTI. ~, 586, 1339 (1969). 

13. A. G. Bergman a.'1d D. 1. Bond4reva, Russ. J. Inorg. Chern. ~. 1193, 1339 (970). 

1.4. C. H. Chang a.. ... d J. L. l".al"grave, J. Alr.er. Chern. Soc. ~, 2(1'''''' (1968). BLi02 

.... 
:II> 
Z 
:II> 
"ft 

-II 
::E 
ron m 
3: 
o n 
::E 
ron 
3: 
n 
:II> .... 
-II 
:II> 
CD .... 
ron 
.!" 

-0 ....., 
.,Il:1o 

'" c: 
-a 
-a .... 
l"1l'i 

3: 
l"1l'i 
Z 
-II 

Co) 
en 
-' 



Lithium Metaborate (LiBOZ) 

(Liquid) GFW· 49.7488 

----gjbb5/mol---~ kealJmol 

T, 'K Cp' S" -(GO-H"nllrr HO-H"2tIIII our AGf" Ihg Kp 

, 
10' 
70' 
~ .. 1 ~ .111?9 15,61'07 15.66 1 ,ono .. ?)9.067 .. 226,6]6 166.1?e 

,00 1l1 .1II1'I{l 15. 7~6 1'S,66 7 .0t''I' .. "39.069 .. 226.'5'59 165,00lil5 

'" 1 7 ,DOl.! 20.299 1fi..?69 1 • .1)1' .. ,,)9.t)5 .. 222.37"11 121,501 
>00 le.n"· ?il,291 17. "-"J J • .oO.o .. 239, P08 .. 2Hld06 95,334 

'" 2fJ.329 ?7 ,e'5~ 18.':;119 .... 31)' .. '39 .-'9 • 21].7f1'5 Tl,lI~1 

70' 21.713 31.098 'O,IiI]1 7,IiItl7 .. 'J9,181 209,H~ 65.376 

"" JiII.491 ].Q .931 ?1,91\3 10.]56 '" ('33.926 20'5,09; 56.029 
90' 34.491 H.993 73,60;2 13.A07 .. 237 .51i13 200,9l1b le.796 

1000 34.1191 4;>.627 ?!i.J1'1 17. ;1~6 .. 2)6.201 t96,950 "J,043 

1!Q9 ____ }_I.!_._4_~'__ ___ ~~.1~1~ ____ .?J_._('I_9_~ _____ ?~..'! !.!'~ ____ ~_]_·l~'!..~~! ___ :_ J!,}_,_O_9_0 _____ ~1l1 ~~ J 
12(\0 3".491 Qe.91b ?~. '1'117 2'401 ",a .. 213.~89 .. t89.3lI1' )4.11"., 
1]00 ).11.491 '>1.t..n 30.U) 27.604 .. 232.316 .. 185.711 31.221 
1400 34,.191 ~4 .233 31.0';2 31. 0~3 .. :?3! .063 182.175 28,4)9 
1!l00 )./1.491 <;1'1,612 33.611 311,'502 .. 229.629 1re,T?8 2'6.041 

1600340,1191 '5l'-.8)5 '~,119 ]1'.9'51 
1100 )./1,491 60.9,,9 :H,576 "1 • .1.100 
IlIOO ]./1,491 "'2,901 3T .91\'5 4111.1'\119 
l '?'?Q __ __ }!!.J.5:!J _____ ~'!..L~~~ ____ y! ..... )_I4_'5 ______ ~~ J2~~ __ 
1000 3".491 6('1.'5)5 110.661 51.1'0t.7 

.. 228,'>11 .. 170;.]'59 :n.953 

.. :'62 •• '56 .. 170,740 ;n .950 

.. :'61.058 .. 16'5.H) 20,OeO 

~- {-;-:-:-~}} --; -{~i~~~-;- --- -~}~~;~~ 
2100 J'I.q91 he.lle 4!*93 4 5"5,1 9 6 .. ?~, .(162 149 ,10; ~ 15,5e5 noo 3/01.c9t -,q.an 43.1115 58,,,tI'5 .. :!'S"i.70'5 1''',67) 14.37" 2]00 34,1191 71.355 11.11, ]0;8 1\.2.09") ... 254,4]6 139,655 13.270 
:1>400 J4.491 1;:>,823 4').513 6'5.'541; .. 253.t&;;> 134 ,691 12.26'5 
7'500 )4.491 74.2H 46.6)4 68.99] 2'5 7 .246 129,6711 11,))6 

?600 .34,4 Q 1 75,'H14 a7. '1'22 'I'? ,4112 .. 25'5.96'5 1:1'14.597 10,4'1') 
2700 )'1,491 76.ep,t> AB.7Te 7,).A9j .. 254.1'193 119.'561'1 9.bTl! 
:('1;00 3'1.491 711.1110 .. 9.I'IU4 79.340 ... ?53,1iI28 Illl.'H17 ~.9u 
;?900 JQ,tl9l 79.350 <;0.802 a?, Ttl'll .. 252.173 ,09,647 B.263 
)000 34,1)91 ~o ,5,0 '51.713 !Hi.?)1!. .. 250.925 t04.7'!1" 7 .631 

L '"'"' '"' "n, ,c, "" "''' '~"' '" "" 

LITHIUM IiETABORAIT (LiBO:.:) ( LIQUID) GfW " t.9. 7498 BLiOZ 
S298 15 " B.667 gibbs/mol '~Hf29B.1S -239.067 kcal/mol 

'I'm ::: 1117 1 K "Hm~ 8.08 0.12 kC.ll/mol 

Tb" 1992.2 K JoH .... e 63.5 kcal/mol 

Hell.'t of Formation 

The JHf;9S.1S(t) is ca.lculated from tnll.t of the crystal by addition of !IBm· ar:.d the difference of Hll17-H298.l5 

for the crystll.l and liquid. 

Heat Capd.city and Ent:ropy 

McDonald C]J mea.surtld high te:npera.tur-e enthalpy dat.3. of the liquid from llla to 1707 l< by drop calorimetry. The 

"dopt:ed hea.'t cap<lci'titls .!ire derived from his observed dd'td. Th~ average devl.nion of the observed enthalpy data froJl'. the 

adopt:ed values i5 about: 0.1\. 

A glass transition is assumed dt 745 K be loY which the Cp is ,1SSUlT\cd to be the sa:r.e .15 t:hat: of the crystal. 

The entropy at 298 K is ob'tdined in a lll.<1nne!" similar- to 'the heat of fOr'mation. 

Mel'ring Dat"d 

'l'h.e adopted heat: of melting, .lHmCll17 K) ::: 8.08 .t 0.12 KCdl/mol, is calculated. fr>om t:he observed ~nthalpie5 (1.) by 

use of t:he adopted Cp functions of both crys'tal and liquid. 

Petit and Jaeger (~) derived jHmCllOS!O 7,4 kcal/mol from phase data for th.:. LiB0
2
-Lir system. Darmois .and 

Z4!"zycki (~.> dct:el"'l1'iincd ,Hlrr.(ll13 K) :: 8.3 !: 0.6 kcal!T:\ol frofr. cryoscopic studies involving several secondary component:s. 

Vaporization Data 

The boiling point is calculated as thtlo temper,l'turc <J.t which llGr- " 0 for LiB0
2
(!) .... LiB0 2 (g). The heat of 

vaporizd'tion is the diffe:'ence in JoHf' at 'the boiling point between liquid and ga.s. 

Prophet: (.=!) determined the boiling point under argon atmosphere as 2050 !: 100 K which is in good agreem<!nt with 

the villue ddopted. 

References ----
l. R. A. McDonald, priva.te COttli'l' .... lnication, Thermdl Res. Laborat:ory, The Dow Chemical Company, April. 1951; C?!A Publication 

No. 'Ill (U), Vol. l, pp 213-245, 1964. 

2. C. P~tit and M. Jaeger, Compt. Rend. ~, 1734 (1957), 

3. G. Zarzycki, Compt. Rend . .?l..2, 1110 (195l). 

l'L Prophet, p:'iva'te COl'l'Jl'lun ic,l't ion ) Ther-mal Res. Labor.at:or>y, The Do\.l Chemica.l Company) April, 1961. 
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Lithium Metaborate (L j B02 ) 

( I dea I Gas) GFW - 49.7488 

~----gibbsJrD()I---_ kcal/mol 
T,'" Cp~ S" -(G<>-H~3II.)fT tr'-H"3S11 JlUF 6.Gf'" Log Kp 

0 ,00)0 ,000 INrllolrT( 3.'13 15 li1 .J41 154.)41 1t.lF'1111 ITE 

'0' 9,71.1 ~l. 17') 76 • .,01 ~ •. H) 1 '54.:780 155.27' 339, J~O >0. 11.e'" 60.5 4 ;0' f)",I!I)O 1,,,,,fII 15 4 .1.121 t'56,219 110,709 >0, I J. 01'12 ~'5. 634 ~5. 634 ,000 15&,1:.00 I'H,GH 115. tH 

,0. ll, 71! 6'5,719 ~'5.634 ,02'"i .. t 54.604 IS T,oe:? 11.11,4)4 
00' l~.OI j 69,S.,,2 F.fl,189 1,4110:; 1"j1l.-'l16 151.677 156.260 ". l~. 00:,5 13.309 ,.7.21'7 3.nu. t ".:i~ • .q29 t'58."i)6 69,296 

'0' 10,6"'15 76.;(15) ~I'I.'535 11.649 1'5.<t.13 9 159,04j1j 51". QJ~ 10. 11,2'1 16.1596 69.i!lll 6.3HI t'ilJ.lI)A 159,'509 49,601 "'. 17 .6"i1 .'11,2.,5 Tt.l t 4 A,Ol'l9 15".72.1} 159,930 11).691 
900 il1.0n2 1\3.3"6 72,]'i0 0,1\7) ,":)1.01'5 160. Jt 3 36,929 

1000 t/:l.?r9 1'1'5.231' 73 ... .,0 !I.6~ 1" f57,303 t60.66? 33.113 

1100 10,503 1'16,Q90 111,693 13."i?7 .. ,o;1.5-9 A 160.9S3 31.985 
1:100 U:I,6115 1I~ ,60/'1 1'5,11\6 ''',l!'lll 1'5 1 .,11,90 161,:<'60 29.3'1'3 
1300 us. In'S 90.110 76,631 17 ,2',,3 1'5"!.190 161,'5'51 2'1' .1,,9 
1400 10.9'">9 01.510 77' .lI30 1901'53 1 'S~. "96 161.197 25.:?'!,!! 
t!lOO IItl,Ot,3 0:<',622 76.'1'% 1\ .n'SlI 1'5",1"11 0 162.0"1 ?l.607 

tMO 19.1'S1 oa ,0'55 19,702 ?2.96"i 15 9 .130 162.n3 1:::0.139 
POD IItl.,?6 95.21 9 RO.'561 ?II ,ij~1I ... 1911."i05 161,081 '0. '1'08 
l~OO 1~.2q(l 96.3:;>0 !'Il.A2S 2 .... 1"110 ... ,0",660 159,ttO 19.319 

}~~g- -- -{~~-~~}- ---~€:1~~ ----:;:~i~- ---- -i~; ~;~-- -~-i~-i:-:-~-:- --~- ~~~ :H~----- -~-~:~H 
?100 1Y.4]5 99.305 R],771 3?6;>0 .... 19'5.P·1 l~l. JA5 15.93'" 
noo 19,1I:n InO.?tO .... 4.498 )11."",,, 195,358 151.139 15.014 
?lOO tltl.5i'J4 Int.On. 1"15.?00 3'-'.514 lQ ...... SO 1"9,127 14.170 
?;OO 19.53? Hl1.9nl 115.1'119 )p •• II"~ t 9'!r. 151 147.102 1J..19~ 
'0;00 19.5"i1" 10 ::0,705 1'16,536 110.1110 ,01.332 14& ,961 1~.613 

7'(100 19.51'10 10), 1112 fl7.173 4'.37 7 '01.'563 1 42,704 11.99'!1 
2'/'00 19.601 1011.'1 I. 117, 79 1 44.336 .. :;.OI,lIU 140.43S it.36'1" 
'flOO 19.619 InA.9?5 lHI.390 ill>.'291 .. :;.0?,O04 1)1\.160 IO.'I"'U 
;:0900 ! \t • 6 ~6 105.613 .. a .972 1111,:.:'''''0 .. :<,02,:7)5 135,8'1"2 10.2110 
3000 lY.6'jl 10 6.;:0'1'9 "'9.'538 '50.'::'1Il - ?,O?4T'2 133.'51'10 9. rJi 

3100 19.66. 10".9;:>1Il Q().068 '57.190 ... '02. 'I'! 7 11l.11'10 9. ~'5'S> 
3:,00 19.6'1'T lnT ,5118 90,6211 '511.1 'S1 ... '(1:7,969 121\,91] !!I.SQ8 
:noo 19.6"'8 10~ ,I '5A 91.1 11 6 51t.1:75 .. '03.:(30 126,6'56 8.368 
3/i100 19.69011 10e,7112 91.6"i'5 "'R.MS .. ?03,499 124.330 7.992 
]500 19,'I'Oe 1(19,313 9,. i5? 60.065 .. 203,11'& 122.00" 7 • 611~ 

3('00 19.7t'1' 109.86>!1 Q:?,~J6 62.0H .. ,04,06l 119.6o;.!I r .264 
HOG l!i'.1"!> 110.41)9 9J.j1}9 hA,nna .. '0 ... .359 1 P' .J! I 6.9,..9 
3~OO t9,1)2 i10,9)'5> 93.<;'1'1 6~ .9"', .., ?('i4,t'>64 11 4 ,9ao 6.611 
3900 19.'1')9 1I1,IUl1 94.023 67,9'S'5> ~ ?Oll ,978 112.'5f119 6.309 
4000 19.146 tt 1 .911 i 911 ,4"5 69,9,9 ""','63 tOl\.<H2 5.905 

4fOO 19.7'.)1 II? 435 "",B97 71,904 ... ~2~, 58e 102.60Q 3. "0 
~ 4200 19, 'l'w,'I' 112.911 OS.Hi 'I' ~. e: 79 176. r03 97.\43 5.0'5S 

4300 !y.rf" It 3. )76 os, '1'35 15 • .11";'5 1"'" • ..,,,9 91,67a 4.659 ... 41100 !9.7,,1 11 ),8]0 96.t l l 17 .... 3? 1~~ .067 6d.?05 4. 2~2 ::r 4500 19,77? 1111.215 96.539 79 .... 09 ,<'r. I I!!. eO.73? 3,921 -C 
!" 4600 19,'/'16 114.709 96.930 ~ 1.71'." 3?1.'281 1'5.252 3.51S 

n 1100 19,1150 It";. 135 97.3t2 81.701l 177,4Se 69.'1'74 3."44 
::r /il800 19.7 .... 4 1 tS,'r,'Sl 91.!i'l6 65. r"2 ~?7 • I'll Q 61i.?IH 2.927 

'" 4900 19,767 1\':1,959 98,0')7 1'11'.7<'1 .. 3'27."155 5~ .606 ?623 

~ '5000 t9.790 116.]'!l9 98.11119 89.,-,09 J?~.016 SJ.309 2.330 

'" 
5100 19.1"94 116 .1"'S t 96.7'1'4 Ql.6'1'Q l?~.lt " iI'I'.801 2.049 .. 5?00 19,1"96 117.135 '09,124 93.658 ]'~. ~69 42:.309 1.'1'71'1 

:" ~JOO 10.799 Ill.512 99,4-'11 9'5,'-')A )?",,541 J6.~OI 1.311'1 
51.100 19,80<, lt1',t\I\2 9Q.8"5 Q1.1\1-' 1,9.1]] H .291 1,266 a '5'500 19.aO A l1S.2A6 100,1)7 99 .'59~ )79,444- l'5,76'5 1.024 

III 
.r; '5600 19.601 11R, 60) 100.illi3 to, ,579 1,Q.77'1' 2r..2'51 "1'90 

".i700 l'l,e,,9 ! IB,9'53 lt10,7B5 t DJ,'5";O ... 33<'1.132 j4.7tt't .56' 

< '5600 19.1'l11 119.'96 1(')1.101 100:., ~AI1 130,';11 9,171 .346 
'5900 l'i1.613 1 t Q, 6 ~6 jOj.1II12 1(11'.'5?? 3l1J.91 :. 1.636 .13'5 

~ 6000 19,81':. 119.Qt,9 l n l.l,9 109.'50) ... 331,)42 1.920 ,0'1'0 

Y' 
Z 

June 30, 1962; Dec. 31, 1961.1; Mar. 31, 1965; June 30, 1971 
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.!'l' -00 .... ,.. 

LITH1lTM M:CTABORAi'E {LiBO
Z

) (IDEAL GAS) 

Point Group c
s 

S;96,15 6S.6! 1 git>bs/mol 

G%'Ol.lnd State Qua!1tum Weight" 

Vibra'tiona_LJ:r~~~1l9j,-~_~_ ,.,.nd Degeneracies 
-1 -1 
~ ~ 

1976 (U 

1094 0) 

S78 (l) 

569 (1) 

471 (1) 

107 (1) 

Bond Distances: Li-O" 1.B2 .t;., 0-3 " 1.36 A, B=O " 1.20 A 

Bond Angles: Li-O-B 90~, 0-8::0 IBO~ 

Product of th-e Moments of Inertia: IAIB1C::: 3.91309 x 10-115 g3 em b 

Hea.t of Forrna'tion 

BLi02 
GN 1>9 71.188 

':'HfO -154.3.! 3 !:!!allmol 

c'lHf298.15 c -15l>.6 3 kcal/mol. 

a '::: 1 

Jen.'ien (J) d~t:ermined equilihrium CQ.'1stan"ts for reaction (A) L1(8) '+ HB0
2

(g) ... LiB0
2

(gJ + H{g) .by flame stl.lc1ie5. This 

"technique involves ~.evera.l /)'ssuC",pticns, the most basic of which was tha"l: boron a.dded to H
2

/N
2

/0
2 

flames was CQnverted completely 

to HB0 2 · The hydro~en <'Itor.! concen'tl:'ation was taken from previous studies on such flames. Lithium metaoorate was assumed: to be 

formed in th~ flame. The COncen"tt'd"tion of Li atoms was determined by .!I:tomic absor'pti.on spectrophotometry. JAJ'lAf third la ... 

analysis of his equilibrium constant equation in the "ter:tperature range f%'Om 2000 'to 2600 !( yields IlHr
298 

:: -2.95 :! 1.07 kcal/mo1 

and "the drif"t 2.47 ~U. (2nd law heat" of reaction is oEr
Z98 

" -8.62 kcal/tiOll. Using the third law uHr'
29B 

and ,JAHAt' auxiliary 

data, we obtain Mifi9S(LiB02, g) :: -150.5 kcal/mol. The uncertainty in this result is abou.t !6 kcallI:l.ol. 

Buchle!' 4lld BeI'Jcowitz-Ha.ttuck <.V st"udied mass spectrornetrically "the vaporiza.tion of lit:hil.<.1lI Uletaborat:e and obtained 

JHV1l60 '"' 70 t 3 kca.l/mol for LiB0 2 ( t) .... LiB0
2
{g) and Il.Hs10&O :: 19 ~ 3 kcal/mol for LiB0

2
(c) .... LiB0

2
(g) by a second la:.1 method. 

JANl\F reduction to 298 K gives ~Hv2\la :: 79.:" :!: 3 kca1/mol and uHs
298

::: a2.11 :!: 3 kcallmol. They ,,-lso determined the vapOr 

pressure of LiBOZ at 1160 K as 2.0 x 10-
6 

atm by comparison with the vapor pr'eSslJ!'c of silVer. JAN;.!' third law analysis of this 

single vapol' pressuN: poin't: gives oHvi98:: 85.0 kc .. lfmol which leads to aHf298(LiB02' g) = -151.j.0 ! 3 kcal/mol. The la"tter is in 

good agreement with the value adopted in the tabulat:ion. The second law heats of vaporization and sublir.u!"tion dre probably in 

eI'r'Or by about 6 .k.cal/mol. 

Hildenbrand e"t al. (~) measured "the tot",l V4POt' pressu1"'e over' liquid. L11302 in the tCllper<lture range from 1120 to lZSO K by 

IJ. torsion-effusion method. Assu.ming 100\ monolTlCric vapor species, JANAF "third law ~nalysis of their vapor pressure data yields 

the heat of va.porizd.tion <.111>.1 298 ::: 8lJ.1I7 kCdl!mol and .5 drift of 0.93 t 1.0 eu; "this cOr'responds to ll.Hs
298 

:: 89.1) kC::dllmol. 

(Second law hea.t: of vaporization is tlHVi98 ::: 83.25 -t 1.20 kcal/moU. Using the "third law C!.Hvis8J we ohtain uHf
29S

(LiB0
2

• g) :: 

-154.5 kcalfm.ol. If there are 10\ of Li30 2 dimer T.lolecules present in the vapor phase as suggest:ed by Buchler (l), the cOl:'rection 

in the 31'.0 1.31<' JHV 298 is about 0.3 kcallmol "'hich is Jr.uch le~s than the uncertainty assigned to t.Jtv
29S

• The value, 

uHfi9S(LiB02, g) :: -154.6 :!: 3 kcallmol, is ad.opted In the tMu:i.a"'tion. 

He a t Cap !!lei ty and En trof'Y 

The <J.dop'ted vibrational frequencies are obtained frol1l Soshddri, Nimor. and White (~) who observed "t:!"Je infraNd spec"tt'a of 

LiB02 in an &r-gon ma1":r'ix and. made a. complete assignment of all six fund.ament41s. The uncertain'ty of the calculated statistical 

entropy at 298 K is estimated "to be !l eu which is due to the magnitude of the matrix shifts from the fre~ molecule spectrum, 

particularly for 1:h~ lower frequency modes. 

Buchlel' ~d M4I'r.sm (&) observeoj only two vibrational frequencies 1935 a.."1d 600 c:m- l in gas-phase infrared spectra. These two 

frequencies a.re in rea.sor.able agreement with those repor"ted by Seshadri (':). 

By elect:ron difJraction studies. Akishin a..-.d Spiridonov <.§) determined the i:]",olecular structure of gaseous li1:niu!7'. ~"ta.borate 

and found the bond lengths and .angle.s which are ddopt~d in the tabulation. We tentAtively select the bond .angle Li-0.-3 as 90~ 

from their r-eported clat<'l, i.e. 90-105·, because Seshadri et al. (~) treated "this bond angle as a pat'dmeter in the force constant 

c.!lculations and found that: the hest fit: "to "the infrared sp():ctl'Ornetric delta occurs at approximately 90". A ['t;cent electI'Cn 

diffr(!ction study (2) on lithiu.m metaborate confirt"lS the results given by Akishin (~). 

The three indi .... idual rnorner.ts of inertia. at'e fA = 2.5194 X 10- 39 ,1
3 

= 11.094 X. 10- 39 dnd Ie:: 13,6740 x 10- 39 g cm2 

References 
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6. P. A, AJeishin and V. P. Spirl.dOf\ov, Zhur. Struk:t. Khim" l, 63 (l9SUj]., 267 (1962). 

7. Yu. S. Ezhov. S. H. Tolmachev, V. P. Spit'idonov MId N. G. Ramhidi, Teplo~iz Vysokik.h Temp. Akad. Nauk SSSR 2,68 (195B). 
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Sodium Metaborate (NaB02 ) 

(Crystal) GFW - 65.7996 

--gibbs!mol---~ -----ml/mol----_ 
T.O]{ 

o , .. 
"0 ,.. 
, .. 
'.0 
"0 
6.0 
ro. 
'a. ... 

1000 

CpO S" -(GQ-H"'ne)(f 

.000 
7,751 

12.756 
15,760 

15.810 
16.02'0 
19.770 

21.110 
22.300 
23,240 
24,020 
24.6'1"0 

,000 
1,760 

11.891 
17.516 

17 .6'" 
22.536 
26,751 

'!IO,Ul 
H.e:,. 
36.81' 
39,6" 
112.224 

INrIHITE 
29.:1199 
1$.92& 
t7 .3'1"6 

17.516 
le.224 
19."11 

21.01110 
22.632 
24.225 
2',1U 
27.105 

f£'-H"'_ 

III 2,1'80 
.. 2,462 
... 1.40'1" 

.000 

.02' 
1,1'2'5 
3,61'1' 

'5.666 
1.841 

10.120 
12.<111&4 
14.920 

~1Il" 

.. 232.073 

.. 232.774 

.. 2]].0&2 

.. 233.200 

.. 233.201 

... 233,&&2 

.. 233,815 

.. 233.777 

.. 233.602 

.. 233.)61 

... 233.061 

... 2)2.733 

Aero 

.. 232.07'3 

.. 228.535 

.. 224.154 

.. 219 • .,.'5 

.. 211J.66J, 

.. 21'5.090 

.. 210.391 

.. 205. '1'01 

.. 201.036 

.. 196.$00 
... 19 \.197 
.. 1lI7.221" 

Loa Kp 

INrJN IT[ 
199.463 
244.9U 
161.017 

160.02) 
117.520 
91.962 

111.927 
62.1'66 
53.6'511 
.6.'57'5 
.0.918 

1100 ·25.160 44,600 2&.711 17,412" 2)2.]&0 .. 182.696 36.295 

H~g- ~ ---}}~ :-;~ ----i£ ~ :~i-----}}~}~~-----~~ ~-:~} ---~-n~ ~ ~U- ~ -~ -{{{-:{~} -~ c - - U~1'~· 
1400 2'5.8"3 50.159 32.846 25.077" 25'.116 .. 164.908 25.1aJ 
1500 Ut.OU 52,5" .14.101 27.611'" 253.553 .. 15&.556 23.102 

1600 
1700 
1500 
1900 
20CO 

26.229 
26.422 
26.615 
Z6.801 
27.000 

54,235 
'55,831 
51,346 
58,190 
60.110 

35,101 
l6~46e 

ll".586 
38.6&4 
39.105 

30.2&11 
:S2.911 
3'5.569 
:S8.2'0 
40.930 

... 252.981 

... 252.411 

.. ~1.8'6 

.. 251.270 

.. 250.637 

'" 15Z.240 
... 1.'.960 
.. 1)9.716 
'" U3.S01. 

121'.319 

20.19'5 
U1.Ta. 
1.6.96. 
15.356 
13.913 

'--_______ -=DeCo 31 . .L_~~.?J~...i._li~£~ __ ~_~..I __ ~~§_~.i _.J_l!!}_~ J.9_,- 1.971 _______ ---" 

SODIiJM l1ETABORATE (NaB0
2

) ( CRYSTAL) GFW ~ 65.7996 BNa0
2 

Mlfa = -232.1 .t 0.6 kcal/rool 

$298,15 17.576:!: 0.02 gibbs/mol LlHf298.1S -23.3.2:1: 0.6 kca1/mol 

1m = 1240 .t 2 K llHm" 8.0! D,S kC411rnol 

Heat: of formation 

Adami and Joe (1) measured heats of solution of B
2

0
3
(c), NaCl(c) ~nd NaB0

2
{c) in aqueoue; HCl. solution 4Ild derived 

uHri98:: -12.43 :: 0.1 kcal/:rol for NaB0 2 (c) ... HCl(12.731 H20, aq) ~ HaCHe) .1/2 3
2

0
J

(C) ... 1/2 H
2
0(l) which le~ds to 

IlHf 29S {NaB0 2 , c) = -233.2 .l: 0.6 kcal/oo1, using JANAF auxiliary data (~). Thie; v./due, -233.2 kcal/mol, is ado?ted jn 

the tabulation. 

Gre:1ier and wnite (d) measured the heat of solut:ion of c,:",ystal Na20oE203 i.n IN nitric acid solution at o·C as 

-20,"3 !: 0.36 kca1/ll'J:)1. Since the correction term for llH;oln frotn 0" to 25°C is generally small, we may assume the heat 

of solution is the same at aOe as at 2S·C within the uncertainty of !'::l kcal/mol. Thus .... e obt"in lI,H
so1n 

(2S·C) ::: 

-10.12 !: 1 kcal/mol for N4B0 2 (c) ... HNO
J

(27.75 H
2
0, aq) ... H

2
0{t) .... NaN0

3
C27.7S H

2
0, aq) ... H

3
B0

3
(27.H H

2
0, aq) from which 

we derive <lHf;SS(NaBO Z ' c) ::: -234.7 t 1.5 kca1/rrool, b4sed on JANAF auxili~ry d.'!ta (~). 

Shartsis and Capps (~) measured t:he hears of solution in 2N nitric acid of various Na
2

0-B
2

0
3 

glass and crystalline 

mixtures containing 1.0-38.7 roole 1; o.f Na 20. When their data are extrapolated 'to SO mole \, we obtain lIH;oln(2S·C) = 
~ll.S ::t 1.5 kcal/mol for the sa.me reaction as given before. The derived heat: of fo:'matio:l is -233.4 :!: 1.5 kcal/mo1 

which is in good agreement with the value adopted. 

Heat Capacity and Entropy 

Grenier and Westrurr. (.§) me,tsured low temperature heat capacities from S to 3i.16 K. The adopted Cp are derived from 

their experimental heat colpacitics by & polynomial curve fitting teChnique. The derived entropy, S298' is 17.576 .l: 

0.02 eu based on S· ::: 0.001 eu at 5,149 K. Pankratz (1) measured hiEh 'temperature enthalpy da.to!. by drop calorimetry in 

'the temperature range 404-1200.3 K. We adopt the smooth Cp derived by Pankratz. The average deviation of the observed 

entr-.d.lpy data from the a.dopted v41ues is about 0.1\. 

Hel ting Ddta 

Our analysis of several sets of binary phase da:ta (~. ~,!.Q) yields the heat of melting, uHm'" S.O !':: O.S kcal/mol. 

Petit and Ja.eger (li) derived uHm(1239 iO ";;' 8.0 kcal/ool from their phase data for the NaB0
2

-NaF system. The adopted rr.elting 

point (12<+0 K) is obtained f:-om P4nkratz (2,), L.iterature values include 1239 K (~, ~. dQ, g. lI). 1238 K (l~) <\nd 

1237 K (~J. 

Referenc~ 

1. L. fl.. Adami and C. J. Joe, U, S. Bur. Hines RI 7167, Aug,. 1%8. 

The following duxiliary daC:<l arc used in the calculation: 

a • .lHf;9S{B203, c) -301l,Q! O.S kcal/mol, JANAf B
2

C
3
(c) table da.ted June 30, 1971. 

b. uHf;9S(NaCl, c) ::: -99.26 :!: 0.08 kcal/mol, JANAF NaCl(c) table, dated Sept. 30, 1961l. 

c . .JHf;gS(HCl o 12.731 H20, aq) ::: -38.B2 kcal/mol <'inc llHfi9S(H20,:) -59.315 kcal/mol, V. S. Natl. Bur. :::.td. Tech. 

Note 270-3, 1969. 

3. G. Grenier and D. White, Chern. Phys. g, 1681 (1957). 

The following auxiliary data are used In the calculation: 

,2775 H20, t!q) :; -49,43 kcal/J':'Ol <1nd D.Hf;9S(H
3

B0
3

·27.75 H
2
0, aq) = -255.37 kca.l/mol are obt<.l.ined 

Std. Tech, Note 270-3, 1968. The lll."tter is extrapolated from the listed .1Hfi98 v~l\les for 
H3B0 3

0 100 H
2

0 and 

b. ,)Hf 29S (NaN0
3

'27.7S 

-107.03 kcal/mol 

H
2

0. 

aq} " -106 30 KCill/rool, This va.lue is c41culated from JANAr uHf;9S(NaN0
3

,,,,,, 

the heat of dilution given by V. B. Parker, U. S, Natl. Bur, Std. NSRDS-NBS 2, 

5. L. Shartsis and W. Capps, J. Amer. CcZ'am. Soc. 12, 27 (1954). 

6. G. Grenier and. E. r. \.lestt"um, J. ArneI'. Cher:t. Soc. 2!, 6226 (1956). 

aqJ 

7. L. B. Pankratz, private communication from r:. G. King. BuredU of Hines, Albany Met:. Res, Center, Thermodynamics 

Labora tory, Albany J Oregon, July 30, 1971. 

B. A. G. Bergman, et a1., Russ. J. Ioorg. Chern 0 ]2, 713 (1970); ~, 1339 (1969)i ~, 876 (1969); Zh. Ne-org. Khim. l, 
2641 (UtS7)' 

9, D, S, Lesnykh, 1. G. Eikhenbal..lm and S. A. Chernyal<::hovskaY4, Russ. J. Inorg. Chern. ]2, 420 (1970). 

10. H. S. Van K1oostt:r, Z. Anorg. c.'1em . .§.t, 122, 135 (1910). 

11. G, Petit Md M, Jdeger, Compo Rend, ~, 1731.1 (957), 

12. G. W. Morey and H. E. Merwin, J. I-Jner. Chern. Soc. ~, nils (1936). 
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Sodium Metaborate (NaB0
2

) 

(Liquid) GFW - 65.7996 

--glbbs/mol---_ lu:al/mol 
T,"K Cp' S' -(GO -H"De)/1' W-H"_ M." ;GF .... Kp 

0 , .. 
••• ... 15.1&0 19.821 19.827 .000 .. 229.450 .. 216,666 us.no 
,00 u.a:o J9.9,U 19.8.27 .02' .. 229.'5J .. 216.5086 151.183 
'0. 16.020 21.78'1" 20.475 1.t:n .. 2l0.tl2 .. 212.241 t 1'5.96J 
.00 19.HO 29.002 21.768 J.61V .. 230,125- ... 201.166 90.81' 

.00 2101'1'0 32.1311 23.291 5.666 .. 2!O~O27 lit 20].302 14.053 
10. 22.300 3&.08) 28.883 '1'.841 .. 22 9 ,852 1'18.861 62.081' 
'0. 23.240 39.126 26,8rr to.12'o .. 229.611 .. [U,45t 53. i21 
•• 0 ls.oao 42.876 25.019 13.311' .. 228.4'&. 190.109 46.165 

1000 15.000 46.56' 2\1.1&7 16.81 T .. 227,086 .. 18'5,919 40.632 

liDO 35.000 69.900 :U.430 20.317" 225.725 .. 1/J1.81t 36.13* 
J _2_o_0 _____ !~! Q~~ _____ 5_2_._~ __ ~ ____ ! ~.! ~~! ______ 2).!. ~ t! ___ ~_?~! _ •. 6}.2 ___ . ~_~ ~ ~ ~ ~ ~~ _____ }} .• }. ~ ~ 
tlOO 35.000 55.746 34.733 27.lt'l'''' 2860120 .. 17t.'I'Ot 28.866 
1400 35.000 58.310 36.32$ 30.elY" 2U.62S ... 166.032 :l5.lilllil 
1500 35.000 60.1'5~ H.aH H.lI'l''' 243.15'1' ... 160.87t :U.3I!Il 

1600 J~.OOO 63.0t4 39.378 37.811" 2/U.704 .. 155.00'5 210173 

t ~gg-----~i-:-~~~ -. --~¥! Ht-----:-}~~U -----:{~ l+;-· --:; -~ ~g: It ~- -.:- ~-:-:~:-~.}~ -----H ~ ~~~-
1900 35.000 69.029 43.599 .&.lt7" '237.443 139.121 16.00] 
2000 H.OOO '1'0.&24 U.i9t!l 51.8\1" 2J6.050 .. 133.990 14.U2 

2100 
2'200 
2300 
21100 
2500 

3'.000 
J!i.DOO 
3'.000 
35.000 
]5.000 

72,SU 
7a o i'O 
'l'S.Ti6 
'1'1.20' 
'1'8.63$ 

16.190 
47.'25 
18.621. 
49.781 
50.901 

5S.llY 
'S,./I! ., 
62.]17 
65.&11 
69.l1l" 

.. 2)11..&61 
II' 2J3.2P1 
II> 231.936 
.. :210.'87 
.. 234.635 

'"' 128.9'20 
.. 123.911 
... 118.91'7 
<II 11'.091 
... t09.160 

Dec. 31, 1960; Mar. 31, 1965; June 30, 1971 

13.417 
12 •. )}0 
11.305 
10.389 

9.5&3 

SODIUM METABORAT'E (NaB0
2

) ( LIQUID) Gn; "65.7996 BNaO
Z 

5;98.15 1.9.827 gibbs/reol M1fi9B.15 = ·229.l.I50 kcal/l!lol 

Tm :: 1240 .!: 2 K flHm- 8.0 ~ 0.5 kca.l/J'lI.ol 

TO 171{8.8 K ..;,Hv~ 57.3 kcal/mol 

Heat of Formation 

The olif29B.lS{tl is calculil'til'ld from that of the crystal by addition of ~H:=t· and th~ difference be~een H1239-H2ge.1S 

fo!' the crystal and liquid. 

He4 t ,<::a.paci ty and En tropy 

The COnstant heat capacity of the liquid is esti:=tated to be 35 cal/mol'deg based or:. that of LiB0
2
(t), 34.491 

cal/mol·deg (.!). which was derived from high temperature enthalpy measurements. A glass 'tl"'4Ilsi'tion is assumed at 926 K 

below which the heat ca.pacities dre assU!:ied to be th~ same as the crystAl. 

11'.e entro{)y, S29B :: 19.827 eu, is obtained in a mdrlner analogous to the heat of formation. 

Melting D.,ttl, 

See NaB0 2 (c) table dated. June 30, 1971. 

V.s.poriz.;.s.tion Da.~ 

The boiling point is calculated as the tcmper'4tUr-e at which ilGr :: ° for NaB0
2

{ t) .... NaB0
2
(g). The heat of vaporization 

is 'the difference in ilHf" a't the boiling point beh.1een liquid alia gas. 

Reference 

1. JANAf LiBO;/ t) table dated June 30, 1971, 
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(NaBOZ) :00 Sodium Metaborate .. 
='" ( I dea I Gas) GFW - 65.7996 
10 
ICI 

¥ ~---g.ibbslmol---~ kc:aljmol 

~ 
T, "K CpO S" -(GO-H"sn)ff HO-HOZH ""r 'GI" logKp 

~ 
0 .000 ,000 l~f1),jITE - 3,.,,1\ 1';11.367 15111 .J('7 INF"PHH 

100 9.9'" "i'5.84 7 79. rlljr 2. J9t 1")4.'503 .. 15"i.3Tt 339.563 
>00 12.171 ~] ,411;:,0 /1,9.8116 - t .,S,. ISlI,Ttd t 5~,t Jt!i 170.6:1'0 

Z '" 13.916 68.62 7 ti8.6'l'l' .000 .. IS'5.noe 156,766 114.912 

0 
300 13,941S Ml.TI) 66.627 ,0,,, '')'!i.()04 15t1.116 114,211 

~ 
.0. 15,P'6 1?90] .-;9.1 90 l,lIA'S 1'5"i.922 157.277 85,9]2 
,.0 t6.0 H 7t<.39t 10.29\ !.O'lO 1")6.742 .. \57,S17 61l'>.ar7 

-0 '"0 10.760 7Q .3!1lS 71 .... 63 lI.tii93 .. 156,550 .. 1'$1.61'5 '57.48. 

'4 "0 17.:,H1 5 A?O,O 1'2,1'172 6.)97 ISb.1I46 15,11.003 49,331 .... AOO \7. Tl ~ "4.34 9 7111,16] A.14M ... 1'51'.1]; 151\.150 43,204 
I tj ~ 00;] ' .... c~5 70;,41 4 9.9]& .. ,'57 • II! :; ... 15'1.2"0 38,431 
td.)i'(' "'" .372 '1'6,615 1I.7""/' ... 1':>1.(,96 1'51),331' ),4.605 

! 100 tb.'5 a O 90.1'9 17,765 0.600 !"i' ,992 1'58,3 0 0 31. 11 69 
1200 1.8.117 01.1<;0 78,1'1"'4 15,l.l6li .. 1131.0;)5 1ST .95t1 ?6.767 
1)00 HI.!!"] 03.?"i4 79.913 17.)4" ... tAt .(1,1114 ... 1~5.98S ?6.223 
IliOO 18.<»IIA 941 .6«,6 1\0.<»17 IQ.2)'i ! 61. 760 15. ,001 2.41,04' 
1'500 I~. 0115 9~, 970 !! .en' 21.1 J9 ... 1/\1.865 152.0:,n 220149 

U,OO l'i1.1J'l Q7.201! 62,791 ?~ .0'52 1112.019 t5('\.0:?liI <,0.49? 

H~g- --- -i~~i-~-~- -- -~~~~H ----~{~~-~-~-- ---~l~:~~- ---:- }~~-:-~-~*-- -: -H~:g%~--- . --~}~~~ij 
1900 19.)60 100.51 6 85.3GO ?A.P.lH ... 11'1;.476 ... 1113.986 16.561 
",noo 19.40b tc'lt.'510 86.12 4 30.172 ... 11'2.6115 1111.957 t5.~12 

?IOO j'il.A.!17 l n2.1II«,e 156. fll~O 3:1'.71') - p12.e19 .. 139.91/\ til .561 
noo l'sl.al'l;:' 103.363 81 ,~(l6 311 .d\.6t 10'13.003 137 .871 13,696 
?)OO 111.'51 4 1011 ,230 e&.312 ]1'..611 ... 11'13.192 ... 135,817 12,906 
('.1100 19.'5 a ., 105.061 el!!.Q 9 3 J~ .'>64 .. nn.l90 ... 133.149 12.180 
2"00 19.56t> 105.560 89.652 40 .... {9 .. JeI'i.983 131.571 I i .~O2 

nOO 19.~BEI 106.6?1 90.;;:090 4,).471 - 1119.188 .. t 29,269 10.866 
:1'700 ! 'i.60EI IOr.H7 90,909 41,4)7 .. Ifl9.]9! lZ6,961 10,217 
2ROO 19.6?t. IOfl.OilO 91.509 1.16.]99 .. lA9.613 124.64'; 9.729 
2~(1) 1~.6<1? Hl!~.T69 92.0 Q ) 48,362 .. \,II9.,Ii)3 ... t22.316 9 •• :'18 
3000 1'11.6"'1 t ~')Q.1l)6 9:?6I'iO SO .321 '" 191').0'39 t19.9/H S.74t 

3100 19.6 70 UO.OtlO 9:t.?12 '5?293 "" 190.'90 ... 111.641'i e.294 
3')00 19,6M? 110.70S 'H.74S IIj4,21'11 .. 190.'527 1150301 7.&15 
))00 1'1.6 Q ) II! .311 94.,72 56.,)0 .. 190.771 ... 112.947 1.480 
3400 19,10) I! 1.899 9 4 .1"81 580199 .. 191.023 110.'5l1i'5 T .108 
)";0':} 19.1i2 112.111'0 9~.21'9 bO.PO .. 1'il.2!!!1 I O~ .21'" 6.1'57 

3600 19.1'1 113.0,6 95.764 62.1 1I ? .. 101.547 ... 10'5.8)1 6.425 
3700 19.1?0 113.566 9t'>*~)8 6Q.t14 ... t9t.e22 .. tCl).4'!:i1li 6,111 
HOD 19.1H 114.0<12 96.701 6t'> .O&~ ... 11<1Z.10a .. 101,051 5.81 ? 
3900 19.74) 114.605 97.153 61'..062 19? ~)97 91" .6~t; S.!t:?9 
t.lOOO IY.7.cQ 115.105 97.596 70.0]6 .. H3.~60 - 91i.t 1I 'S.U2 

Q 100 19.1"iS 11'5.50) 98.0?9 12.f) 11 .. 1t3,1<164 88.61.11 1:I,1:?tI 
4200 19 .1'6(1 116.069 91\.453 13.0(17 "" 31 11 ,0,)6 · 8301 H> 4,)",'5 
qoo 1"'.7/\5 1 Hi.53A 9B.668 75.96) .. '\14.166 · 71,60 3.94'5 
41.0,00 19,170 t 16,9116 99.2'5 77.940 .. H4.290 72.115 3.Se? 
4500 1"'.1 7 • I! 7 .4lJ 99.f.d") 79,011 .. 314.429 66,60'1' 3.235 

460f) 1':;.71'9 I 11' ~ 116 r 1 00 ~ (loltl tll.1II95 .. H4.5.64 · 61,0<11 2.903 
.:1'00 19.7f11? 118.293 IOO.u7 83,1"1'3 ... 114.159 · 55.5,1i5 2.ses 
41'100 19.1'1116 l1A.r09 loo.a?] Pl').851 .. 31 4 .95') - 50.06'/' 2.280 
"qOO I9,7M' 11'~.t 1 1 101.19] 87.A)0 .. H"i.11'3 - 1i4. ~51 1.987 
';iOOO 19.793 119.0;11 10t.'5o;!> 89./1,09 110:;.415 · 19,O?5 t.706 

5100 19,79f- 119,909 IOI.9U 91.71J9 )1"i.684 · 33,1191 1.43'5 
')200 19,7Q 9 1'0.29) tOl.(I'hl 9) ~ r (,6 H"i.QIH 21,960 \.\1''5. 
';300 19,801 120,671 1 02, ~0'5 9S,1116 316.308 2(1'."1'5 .92A 
'5.0,00 111,aO, 1?1.0lil 102.9.t11] 91. ,.,9 .. 11"'.669 - It'i.i!!I10 .683 
!>SOO 19,806 Pt,401l 10). 27~ 90.709 .. 3t" ,!l65 - 11.)09 .A1I9 

5600 19 • .1509 1'1.161 103.602 101.090 J1 1 .'500 '5,75" .2?'!I 
5100 1<).811 In.112 103,924 103.611 111.97<; .IBl ,001 
'5600 19.60 In.1I56 10&.240 10"l.652 JI8."9] 5.1101 .?Oill 
5900 19,81 '5 122,70;0; 104,'S0;2 107.6)4 lt9.0S" 10,991 ,1107 
6000 19.8l7 Pl.t?! 104."'59 10901'11'5 319,1'16'5 16.'594 .60A 

19H 

SODIUM HE'TABORATE (NaB0
2

) (IDEAL GAS) Gn'" 65.7996 BNaO
Z 

Poin t Group Cs ,~EfO _154. II .t 3 kcallmol 

5i98.l5 68.6 1 gibbs/mol UHf298 .
15 

-155.0"!: 3 kcal/mol 

GroUJ1C State Quantum Weight" 1 

Vibratiol".al Frequencies and Degeneracies 
.. 1 -1 
~ ~ 

1960 

1087 

576 

573 

363 

106 

Bond Distance: Nil,-O:: 2.14 A, O-B '" 1.36 A, B:::O 1.20 A 

Bond Angle: Na-O-B = 90 0 O-B'" ° 180 0 

Product' of the Moments of Inerti<'l: IAIBIC = 2.4069 x 10-
114 

g3 cm S 

Heat of raI'II.a:tian 

Jensen {!} de'termincd equilibrium constan'ts for the reaction: Na{g) + HB0
2

(g) ... NaB0
2

(g} .. H(g) by flal\'!e studies. 

This technique involved sevcl:'a1 6ssumptions, the most basic of which was that boron added to H
Z

IN
2

/0
2 

flaJl'l.es was converted 

completely to !-iB0'Z" The hydrogen at:om concentration was taken from previolJs studies on such flames. Sodium metaborate 

was assumed to be formed in the f14ll'le. The concentration of Na atom ... as determined by atomic .,nsorption spectrophotome1:ry. 

JANAF third law analysis of his equilibrium constant equation in the temperature ~angc from 2000 to 2600 .K yields 

ilHd 298 K) " 7, 5S .t L 08 kcal/rnol and the drift 2. SO eu. (2nd law heat of reaction is Mh'
2913 

::: 1. 81 kcal/rool.) Using the! 

thit'd law <.lHr;98 lL.'1d Jp8Af auxiliary data, we obtain llHfi9S(NaB02, g) = -152. a kCdllrnol. The W1.ccrtainty'in this 

t'esu1't is about ±6 kcal/mol. 

Buchler and Be!'kowitz-Ha'ttuck C.U studied mass spectrometrically the 5ublimdtion of sodiulJI metaborate and obtained 

.JHsO(1070 t() ::: 73 :!: 3 kcallmol for Na80
2
{c) .... NaB0

2
(g) by a second law method. Jp.J;Af r-eduction to 298 K gi .... es t>Hs'"(29S K) 

76.6 t 3 )(cal/mol which leads to ~1-!fi9B(N4B02' g) " -156.5 ! 3 kCd1/rnol. They also determined the vapor pressure of 

NaB0 2 at: 1070 K as 5 x 10-
7 

a't:m by co:nparison 1<Iith the v4por presst:t'e of silver. JANAf third la ... analysis of this single 

vapor preS$ur-e point gives ilH s e(29B K) " 83.37 kcallmol which lead:; to lIHfigs(NaB02, g) = ,·1li9.8 kcal/ll'Dl. 

Cole and Taylor <.~) deter'TIli :"Jed the vapor pressures of NaB0 2 ( g) by a dyn41tlic e>ethod with dry N2 '!'s carrie.r gas. T'ne.ir 

vapor pressure data were taken over a flow-rate range where the appa.rent va.por pros5ure increased with decrea.sing flow 

rate, and the data ... ere then exi" .... apola'tcd to zero flow rate. The vapor' species of the sample was also assumed to be 

monomeric NaB0 2 (g). JANAf third lttw analyses of their r-eported vapor pressure data over the liquid NaB0
2 

in the temperat,"rc 

r4IIge 1150 0 -1350&C yield ilHvi9B :::: 15.37 .t 3.32 kca.l.·l~ol MId the drift -20.6 eu. (Second law heat of vaporization is 

uHV;98'::: 107 kc.alfmoU. Using the third law e.Hv 29B ' ...... e obt.ain hHfi9S(NaB02, g) -15 .... 1! I< kcal/mol. 

A weighted average, .lHfi9aCNoli302' g) '" -ISS! J kC'll/mol, is adopted in the t:abulation. 

Heat Cap.scity al"ld Entro2Y 

The dcop1:ed vibrational frequencies are obtained from Seshadri, Nil':',on and 'yJhite C~) who observed the infrared spectr4 

of NaB0 2 in an argon matrix a...'1C made .!II. complete assignm.ent of all six fundamentals. The uncertainty of the calculated 

statistical entropy at 298 K is estimated to be !::l cu which is due to the magnitude of the matrix shifts from the free 

molecule spec'truJ:'l, particularly for the lower frequency modes. 

Buchler and Harram (2,) observed only two vibrational frequencIes, 1935 and 600 cm-I, in their gds-phase infrared spectril. 

These two frequencies arc in reasonable agreemcr.t with those roported by Seshadri (~). 

By electron diffraction studies, Akishin imd Spiridonov (§) deter~ined the ll',olecular structure of gaseous sodiUm 

me't:aborate a.nd found the bond lengths 4nd angles which a'l"6 adopted in 'the t4bulation. The. bond aJ"Igle Na-O-B is taken 

90 e based on tholt of LiBO~{&) (7). 

The three princ,i.pal mom:,nts 0; iner'tia arE: I
A

:: 5.1900 x 10- 39 , Io '::: lS.Q9El x 10- 39 <'Ind Ie = 2".2860 x 10- 39 g cm2 

J~,eferenccs 
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7. JAAAr LiB0 2 (g) table dated June 30, 1971. 
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Boron Monosulfide lBS) 

( I dea I Gas) GF1,~ - 42.875 

~~~-gibbs/mol~~~_ kcalJrnoJ----_ 

T, "K 

o 
ICO 
200 , .. 
JOC 
.00 
500 

60G 
7<0 
800 
000 

1000 

HCO 
12eo 
1300 
1400 
1500 

1600 
1700 
1900 
1900 
20CO 

2100 
22CO 
2300 
2400 
2500 

26(10 
2700 
28CO 
2900 
3000 

3100 
3Z00 
3300 
3400 
3500 

360C 
37GO 
3800 
3900 
4000 

I';.JOO 
4Z00 
430C 
..... 00 
4500 

4bOO 
41GC 
'tEloe 
4900 
5000 

5100 
5Z00 
5300 
5400 
5500 

5600 
5700 
5800 
,-,qea 
bOOO 

Cp" S" -(G"-W3II1lI)rr U"-U"_ ~H'" 

~ 000 
b.QS6 
6..9811 
70182 

1.187 
7.499 
1.199 

8.044 
8.233 
8.379 
B.It'H 
8.579 

8.(:. .. 9 
8.70b 
8.7')3 
tl.792 
8.a25 

8.a54 
8,8S0 
8.903 
5.92'" 
8.c;l40\0 

8.963 
8.982 
9.002 
9.022 
1li.OItJ 

9.066 
9.0QC 
9.tlb 
Go. 144 
Gi.lH 

9.205 
'iI.Z3a 
9.274 
'1.311 
9.350 

"'.J9C 
9.·1032 
9, 't76 
9.521 
9.56& 

9.613 
<j.66C 
'iI.708 
<;.157 
9.805 

'9.854 
"'.9G3 
'1.1i15Z 

10.000 
lO~O.r.,8 

10 ~Oq6 
lQ.l.r.,~ 

lO.l90 
lC.236 
10.282 

10.326 
10.310 
10~413 
lO.~5S 

lC.497 

.000 
43.997 
48. all 
51.644 

~I~ 6!!B 
53.19B 
55.5CIo. 

5fl.949 
56.203 
59.313 
60 .306 
iH.20b 

62.021 
62.182 
63.461 
61t.1H 
0'1.73<,1 

65.309 
65. S47 
6t..355 
M.S37 
61.295 

67.132 
68.1409 
68.54<;1 
68.932 
09.301 

b~.6'5b 

6q~ 9'19 
70.330 
7C~ 650 
7C.961 

11.262 
71.5'55 
71 ~84C 
72.111 
72.388 

72.6'51 
72~909 
73.161 
73.10(.8 
n.050 

7). S87 
7\.119 
7<ft, 3 ... 1 
14.')10 
H.790 

T"5.C06 
15.219 
7'5.428 
75.b33 
15.836 

H..C35 
n .. 2l2 
76.1026 
16.616 
U .. 805 

1b.'NCo 
77.1H 
77.3'54 
17.533 
77.109 

INFINI TE 
57.9C 1 
52.193 
'!>1.b44 

51.b44 
51.929 
~2~479 

5 ~.l06 
'}3.147 
54.315 
54.979 
5~.5'58 

'56.109 
56.b)4 

S·I.D" 
57.611 
58. Cbb 

513.')0 t 
58.918 
5<,1~ 311 
59.10e 
bC.ObS 

60.423 
60.765 
61.0'15 
61.ltl3 
61.121 

62.020 
62.309 
62.590 
02.862 
63.127 

63.384 
6].635 
63.eSO 
64,118 
64.350 

64.577 
64~ 199 
OS.016 
6'5.228 
65.435 

6!1.b38 
65.838 
bo.033 
bo.2ZIo 
bb.'r.l2 

66.5'ill 
66.118 
ob.CjJS6 
67.131 
b1.303 

67."072 
67.639 
61. SO)' 
67.9610 
68.123 

6S.180 
68 ... 310 
68.581 
68~737 
bS.SaS 

2~C8'5 
- 1.39C 

.694 

.000 

~ 01 3 
.147 

1~513 

2.305 
1.120 
J.95C 
4&194 
5.648 

6.50':;l 
r.311 
a.zsc 
9 ~ 12 8 

10.008 

10.892 
1l.1n 
l2.6bS 
13.560 
14.4~3 

1 '5.348 
16e24h 
17.145 
18.046 
18."110.9 

19.855 
ze.763 
2:1.673 
22.566 
23.502 

24.421 
25.343 
26.268 
27.197 
2a.DC 

2'9.('67 
30.cet! 
30.9540 
31.9010 
H.sse 

H.BI7 
34.781 
)5.749 
36.722 
37.70e 

~8. 683 
39.671 
"oO.6M 
41.M2 
42.664 

1.03.671 
44.683 
45.1(C 
46.721 
41.747 

48.778 
49.al2 
50.85Z 
'51.8')5 
52. C)"') 

')7.36C 
57.885 
~a .108 
58~ 10(" 

58 ~r9a 
57.toll 
56.826 

56.266 
')~ ~ 165 
42.245 
42.065 
tol ~913 

41.727 
1ol.532 
401.326 
4l.11C 
40.681 

406644 
40.391 
40.141 
39.8SG 
)9.&13 

39.310.1 
39.007 
38.788 
38.5(6 
32.835 

32.557 
3l.ZB! 
H.GC'o 
31.7310 
31 .... 64 

31.198 
]:O.'HJ 
10.672 
31).414 
3C.159 

29.9C9 
29.661 
2'1.419 
29.16(. 

- '12.234 

- 92' • .?3J 
- 92.227 
- 92.21B 
- 92.2('6 
- 92.l89 

- 920167 
- 92.141 
- 92.112 
- 92.(19 
- 92.C"3 

- n.Ce4 
- 'H.'16(. 
- 91.912 
- 'H.863 
- 91.8C9 

- 'H. 7")3 
- 91.690 
- ')1.634 
- 91.'57C 
- 9l.5(1'" 

"GF Log Kp 

'i1.3bO INFINiTE 
51.79C - li7.5'51 
49.')1;15 - 54.184 
45.39b - n~ 216 

45.317 -
41. c'n -
37.066 -

33.190 -
Z9.4C'5 -
24.IoCI -
22. Lee -
1Q.978 -

L 1.192 -
1'5.626 
13 0 1076 -
11.H2 
9.22C -

7.12C -
S.031 -
2.957 -

.9CC -
1.l45 

3.1.11 
5.193 
1.ZCO 
9.193 

- 11.065 

- l2.817 
- 14.'.i56 
- Ib.26a 
- 18.005 
- 19.716 

- 21.419 
- 2).11Z 
- 24.1'16 
- 2b.4'H 
- 28.11,'5 

- 29.8( '5 
31.46C 

- H.ICS 
- 34.153 
- 14.241 

- 32. 79~ 
- 3}.H9 
- 2'1.8'12 
- 28.442 
- 26.993 

- 2').546 

- 24.0'97 
- Z2 .649 
- 21.20 
- 19.157 

- 18.310 
1b.866 

- 15.425 
- 13.981 
- 12. '535 

- 1l~Cq8 

g e 058 
8.220 
b. Hl4 
5.342 

33.(113 
n.lo')!,) 

16.21C 

12.C69 
9.l81 
6.666 
5.36b 
4.360 

). 'n~ 
2.840 
2.265 
1.711 
1.343 

.'n2 

.041 
.359 
.104 
ol2~ 

.331 
~51b 

• 6E14 
.631 
.967 

1.C17 
t .178 
1.211 
1.3'51 
1."'31) 

1.51C 
1.578 
1.642 
1.702 
1.151 

I.B09 
1.8'58 
1.'1r.-. 

1.7'oB 
1.631 
1.'519 
1.413 
1.Hl 

1.214 
l.l21 
1.C:n 
.94b 
.664 

.785 

.7C'iI 

.636 
• Sto6 
.498 

.433 

.nc 

.310 

.2')1 

.195 

Dec. 31, 1960; Mar. 31, 1961; Sept. 30, 1962; Mar. 31, 1965; June JO, 1972 

BS 

BORON MONOSULrInI: (BS) (IDEAL GAS) G?..J :; 42.875 

Gr<lur.d Sta'te Ccnfigur"d'tior-, 2!~ "Hf; ~7.4 4.0 kcal/lr,ol 

5;98.15 51.64 0.10 si.DbS/mol llHf;9B.lS ~ 58.1 .! 4.0 keal/mol 

"'e 1188.14 C::1-
1 

Be 0.80586 cm-1 

lied t of forma t i..,2!! 

Electronic:: Levels and Q1..ldnturr. Weights 

S't<ltc 

X2l:~ 

A'IT 

E2 l"" 

elf[ 

" x .. 
u . 

-1 

~ ~ 

{i ~:; ~} 
35849 

5.397 crn-1 

0.00617 cm- l 
" c 1. 609 A 

Gingerich (~). employing m,ass spectrom'l:'tric jnves"tigdtions of 'the Au_Ce_CeS_SN_C system from a tungsten. Knudsen 

effusion cell, report's two .... d.lues of the BSCg) dissociation energy. The reaction enthalpies wl!:'('e CV<11u4ted by the 

Thir-d-Law me'thod. The 1:;'<0 va.lues reported. are 140.4 ! 5.0 k.cal/mol, based on 'the dissocia'tion energy of CS(g), and 

11,5.4 5.0 kcal/mol, based on 1:he dissociation energy of CeS(g) . 

Uy dnd DrOW4r't: (1) <.\lso studied 'the dissociation energy of BS (g) by two di.fferent: exchange reactions using mass 

spec'tt'omo:tt"ic Knudsen cell techniques. M.olybdenum cells were used. Based. on dn cl(change between iHg) ilnd Y5(&), "they 

138.8 ! 3.2 kcal/mol for as{g). A second determination bd!;icd on an exchange between BOCg) and YS{g) 

dS 0; = 137.0 ! 3.2 kcal/moL 

Gdydon (~) sugges'ts a va.lue of 118 kca.l.!mol for the dissociiltion energy based on 'two linear Birge-Sponer 

extrdpoldtions from 'the da'ta of Z~el';\an (::'l. This data gave vdlues of 154.5 kcallrnol and 131.4 kcalimol for extrapolations 

f(,o.71. the ground st"dt"e and A2 1l state, respec1:ively. McDonald and Innes (5) ext-ended ZeC.I1:dn'S analysio (l.), examine.d 

per'tul"'bativ€ effects. and calcula:t:ed weY", :; -0.004 ern-I for the ground s;ate. This per"t'ud:,ative int~C'p~et:at:ion was 

supported by Singh, Tewa .. i, dnd Mohan (2.). Accounting for weY
e 

value, "the Birge-Sponer extrapola'tion yield~ a value 

D; :: 142.3 kCiil/mol for 8S(6). This va.lue WiiS ddjus"ted to 140.0 kcal/moJ using a.n ionic cl)a~acter cor'r'ection fdc'tar' a.S 

suggested by Hildenbrand and Murad <.~). 

The value of 140.0 ! 4,0 kCd-l/mol foY' the dissociation energy of BS(g) is chOOien as tho:: best value. I"t is <in aver'<:I.gc 

of "the iour repo!'ted the"('mochcmicdl values 03nd is "the adjus"ted Birge-Sponer value, the adj\.lstmen1: arising troll', a correction 

u~chnique which has been shown 'to be quite dependable. This vdlue ledds to d heat of formation .:l.Hf23S.15 :; 58.111.1.0 

kcal/mol. 

He,l"!" 4.E.ac i ty 4.nd. En tropy 

The specTroscopic Con.>t".;)nts for -rh", X2 Z+ st.!i te arE' from Zeeman {:) <:Ind were cOr"l."ect.ed 

dbund-ances of the. elemerrts. The elec"tt'onic 5ta"tt2:5 X
J 

A, a.nd Care l'€po":''tcd by Zeemdn (~). 

by :1ci)on.ald and Innes (~). 

RefeC"t:nc<!.§, 

K. A. Gingerich, Chern. ComIll .• _J,,~, S80 (1970). 

2. o. 11. Uy dnd J. Dr'owart, High Temp. Sci. £, 293 (1970). 

to aC90unt for the natural 
2 • 

The B Z s"ta:te is rocported 

3. A. G. Gaydon, "Dissoci4tion Enerlies and Spec'tr4 of Diatomic Molo:culos," Chdprnan and Hall, Ltd" London, 1968, 

4. P. B. ZeCll\4I1, Can. J. Phys. 11,. 336 (1951). 

5. J. K. McDona.ld a.nd K. K. Inn.e!:> , J. Mol. Spect. 11, 251 (1969L 

5. D. L. Hild~nbrand. and. [. HUr"dd, J. Cham. Phys. g, B07 {l%9}. 

7. J. Singh, D. P. Tewari, and H. Mohdn, Indian J. Pure AppL Phys, 2, 259 ~197l). 
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Diboron Tetrafluoromonoxide (B
2

F
4

O) 

( r dea I Gas) GFW - 113.615 
----------------------

~~~---~lbb:s!mol---_ lu;:al/mo.J 
T."K Cp' S" -(G"-w",,)rr H"-H~_ "/If 

• ,00 12.264 63.967 9~*S19 :it 155 452.713 
200 15.96) 73.586 fJ2.3U 1.746 '" 453.212 
2" 19.5061 6O.U1 80.6«2 ,GOO .. "1S3.6')O 

'0' 19.627 60.164 60.64) .0]6 4~3~65a 

'0' 22.&36 86.862 81,451 2.16" .. 45-4.010 
>00 25.509 92.255 n,ou 4.585 .. 454.45. 

6 •• 2T.U9 9'1' .10l 8~.O23 7.248 '" 45d11.1el 
700 29.325 101.496 87.066 100100 .. 455.05' 
•• 0 30.629 105.501 8 9 0125 13.100 .. 455.215 
9 .. 31.6'" 109.169 91.t51 16.216 .. 455.450 

1000 J2.U8 112.547 91.12" 19."22 4'55.597 

1100 .u.OS5 115.670 9'5.034 22.700 .. "5'5. 'I';U 
1200 33.'597 118.512 96 ,876 26.0)5 .. 4'5'5.8'52 
1100 Jr..013 121.27t1 9&,6'0 29.616 ... '55.91'3 
1,,00 34.155 121.811 100.358 32.635 .. 456.094 
1'500 34.6)8 126.192 102.001 36.2&5 ... 436.22" 

1600 ]11.816 128."'~ 103.554 39. T61 .. 456.362 
lroo ]5.01'1 130 .~56 \O~.L09 43 .. 259' ... 56,',H1. 
1800 JS.2A8 132.56') 106.'579 46.176 .. &56.61'3 
1900 35.3U t3 •• 47~ 10' .997 50 130e .1156.8412 
2000 3'.521 116.294 109.367 53.S'5" ... i1151,019 

2100 3'5.631 138.0)0 l1Q.691 5T 1412 ... "'51'.203 
2200 J5.1li!8 1]9.690 111.912 60.980 .. 451,191 
2300 )5.812 141.280 113.211 64.557 ... 45'1.5ge 
2.00 35.881 U2.1!06 1t4.411 68.1"2 ... 51".IJlO 
2500 .lS.9S4 U4.272 115.5711 1'1.73$ ... 468,806 

2600 ,36.013 i45.68l 116.709 15.312 .. 169.020 
2700 36.066 147.0"3 117.31)& re,9l6 .. 469,235 
2800 36.113 145.356 113.315 82.54'5 ... 169.451 
2900 J6.156 149,624 119.914 36.t'59 .. 469.612 
]000 36.195 150.850 U~O.9U 89.777 .. "69.896 

3100 36.230 152.0]8 121.909 9].39. ... '1'0.122 
3'200 36.262 153.188 122.869 97.022 .. 470.352 
HOO 16.'292 154.10.5 121.ao~ \oo.Ets(l .. IHO ,~a5 
3400 36,H9 155.389 U!tJ..718 t04,282 410.822 
3500 36.3a ] 15&.4"2 12'3.609 lor .'i'li 411.064 

;3&00 36.]66 151.466 12&."80 111.'49 .. 471.306 
HOO 3o..]tH 158.46] 127.3)1 1I5.11H 471,5,}7 
3800 36.406 159.").1 128.163 118.621 4rt ,810 
]900 36.4211 160.319 128.977 122.4&8 .. 472.068 
4000 l6.440 161.301 129.174 12601 11 .. 714.617 

'UOO ]6 •• 'S6 162,20\ 130 ,'!>'H 129,756 .. 714.492 
11200 36.41'0 163,OeO 131.315 1B.402 .. '714.298 
1.1300 36,4tll3 163,9l1!! 132.066 lJ1.050 .. 114.109 
4&00 36.196 164.177 132.800 140.699 .. '1'13.929 
4500 36.507 165.,911 133.520 tU.349 713.'I'!H 

11600 36.511J 166.400 1:54.226 148.000 .. T13.51'S 
4100 36,528 1670186 134.919 15\ .6'53 .. 113 •• 12 
4800 36.538 161,9'5 1)5.'99 1".306 .. 113.251 
4900 :U.5i1 165.108 U6~261 1'6.9'60 .. l"1l.09f 
5000 36.5~5 169.411 1.:n.923 162.615 .. 112.947 

5100 3e.,563 110,171 1)7,'566 166.211 .. 712.806 
5200 36.57'1 110.11181 136 .. Z02 169.928 112.665 
5300 36,57'8 111.571 1.l3.32!5t 173158S 112,536 

'''''0 3&.585 lT2~261 139.'38 171.2.3 .. r12.415 
5500 36,591 11"2.9)2 140.041 180.902 .. 712,294 

5600 36,59:1' 113.592 110.634 134.562 ... '1"12.18') 
'571')0 )~.60) 174.2110 141.2U tee.222 .. '1"12.083 
5500 36.60& lT4.11176 1A1.193 19i.SS2 .. '1'11.985 
5900 36.&13 175.30Z 112.359 195.543 7t i .895 
6000 30,618 1760117 162,917 199,205 .. 711.813 

Dec. 31, 1970; June JO, 1971 

6Gf log Kp 

...... e.884 98t.O]6 

.. A"'.854 486.11' 

.. "40.663 323-.0\" 

.. 440.5l1) 320.964 

.. 4]00160 2Je.307 
431.6]9 11Je.669 

.. 427 ,(4) 155.5'50 

.. 422.396 131.876 
... 417 .116 lUdlS 
... 413.012 100.293 
.. 408.288 a9~231 

.. "03.5'52 SOot 18 

.. 398.801 72.631 

.. 39& ,0'2 66.2'" 

.. 319.21'2 60.1'68 

.. ,U".496 56.021 

.. 319'.1'09 51.566 

... lU. ,913- .e.~ \95 

... 310. il3 4&.938 

.. 36'5.298 "2.019 
... 360.4Y2 39.391 

... 35'5.U3 H.012 

.. 350.802 311.849 

.. 345.952 32.81'] 

.. 341,092 3t .061 

.. 336.00e 29.]1' 

330.692 27.797 
325.363 26.])6 
320.035 24.980 

.. 314 .686 23.715 

... 309.3&8 22.536 

103.99] 21. 1 31 
.. 298.629 20.395-
... '291,2~1 \9.422 
.. 2&7,879 18.505 
.. 282.4''} 17.640 

.. 211. iOO 16.822 

.. 271,703 16.049 

.. 266*293 15.315 

.. 260.893 14.620 

.. 251.181 13.7211 

.. 239.~99 12.772 

.. 228,010 11.865 

.. 216.4)2 11 .000 

.. 204.863 10,176 

.. 193.302 9.3U 

lel.'I'35 8.6]1 
1700172 7.913 

.. 158.609 7.222 

.. 14l" .Q64 6.'5'!>'i 
135.512 ~.92J 

123.970 5.312 
112.419 4.725 
100.l!IrB '.160 
69.H9 3.616 
77.'1'91 3.091 

66.271 2.51!16 
54.734 2.099 
43.202 1.625 . ]1.67a 1.1'1'3 . 20014. .7]1 

DIBORON TETRAFLUOROMONOx,r Dr (8
2 

F 40) (IDEAL GAS) GFW~1l3.615 B2F40 

Point Group D2h .'.lHfO (-451.9 2 J ked/mol 

5 298 • 15 [60.64 2J gibbs/mol aHf29B.15 -453.65 2 kcal/mol 

Ground State Quan'tum Weigh't ::; 1 

Vibrationa.l Frequencies a.. .... d Degeneracies 

~ ~L_~!!l_~ ~ 
(1400J {l) [145] (1) [1370] (1) 

(6701 (1) (13.001 (ll {1.4s1 {l.) 

[320) 0) (650} (l) (18001 (1) 

rot:ation [660J (1) (1155) (1) 

[1370) (1) (1600] (1) [540] (1) 

Bond Dis'tancc; 3-0 (1. ~ J A B-F::; [1.321 A 

Sand p,ngle: O-B-O [180') f-8-F'::; [120~) 

Produc't of the Moments of Inertia: IA1SIC:: (7,69965 x 10-113 ] g3 cm6 

lieat of format:ion 

Bidinos'ti and Coa'tsworth (.!) have reported ilHr nOo " la.S :t 3 keal for the reaction lOBF){g) + 3
2
°3(£) :. 3B

2
0F'I.4(g). 

This value was obt:ained from a mdSS spectrometric study of the variation of the ion intensities wi th tempe,Nature of the 

B~J+ and B20f4 + species. Employing JA.'lAf auxiliary values (p we obtain IllifllOOCB2F40, g) ,,-455.75 ~ 2 kcal/mol which 

:: -453.65::1: 2 kcal/mol. 

Heat: Capa.city and En'tropy 

By analogy with B,F4 Cg) <.~) free ro't4tion of the Bf2 groups is assumed. Beca.use of the large separation of 'the 

two Bf'2 groups the molecule is considered 'to be planar, Th.e 6-0 dist.Anc~ i.s, r..ssume.d to be 'tha"..: in BY 20(g) (1) and 'the 

B-f dis'ta."'lce that in B2 F .. (g) C_V. The vibrational frequencies dr-e estima'ted by comparison with those for B2fl.io (~); the 

values are gill«n above in the. order JAg' Au' 231g1 2B1u ' 8 2 &, 3B 2u ' 3B 3u ' The individual moments of inertia are IA!: 

1.64697)( 10-
38 

g cm
t

, I8" 6.c~a35 x 10- 38 g cm2 dnd Ie" 1.70732 x 10- 38 g cm2 . 

Refe!'ences 

1. D. R. Bidinosti and L. L, Coat:sworth, Can. J. Chem. ~, 2Li311 (1970). 

2. JANAr Thermochemical Tavlefi: a/ 3 (g) 6-30-59; B
2

0
3
(O 6-30-71; 8/

2
0(g) 12-31-66; B

2
F

4
(g) 12-31_64. 

3. L. A. Nimon, 1<. S. Seshadri, D_ Whi'tE' dnd R. C_ Taylor, AD-69361.4, 1969. 

8/ 40 

w 
0) 
CO 

n 
:E: 
l> 
III 
m 
m 
-t 

l> 
r 



~ 

1 
!" 
n 
':JI' .. 
l' 
'" ~ 
c 

~ 
~ 
~ 
Z 
!' 
~ -04 

~ 

Boron Oxide (B203 ) 

(Crystal) GFW • 69.6202 

I 
T.,"" 

, 
1'0 
20. , .. 
'0' .o. 
••• 

____ gibbs/mol ___ _ 

Cp. ,~-(G·- ...... J!T 

,000 .000 IHrtNlTE 
.,957 2,62' 23.029 

lO,41'9 1.356 1,5,8& 
U.9'Si 12.en 12.893 

15,13110 12.983 12.39'S 
UI.61o 11.8]0 t ).511 
21,).0 22.292 t".eo" 

-----lu:aJ,tmo'----
It'-HO_ 'HF .Gr 

. 2,221 302.525 lO2.52S 
2.040 .. 30.1.397 2'n'.4U 
1.254 .. lOt .!lor .. 23&.778 

.000 ... 304.000 2l!iS.On 

.026 .. )04,002 .. 264.976 
1.719 .. )04.021 .. 21&.&21 
3.72" ]03.936 .. 212.236 

60e 23.450 26,)17 16,430 5.968" J03.n7 .. 265.9169 

-~g~- --- -}};}*~---- ~~:H~--- --:-~~U~- ----1~~{-~-;- -- -~ -1~;;~H---~-~i-~-:-:-:-f--
900 :H.rTa .!I6.17a 21.:Ua IllrO?" l02.@77 .. 247.217 

1000 2,f1.6.)O 39.760 21.222 16.539" 302.45& .. '241.014 

1100 2~. 160 '2.SS2 24.I!S) 19.t69 .. 301.992 .. 2H.960 

1200 30.610 01:.5011" 26.439 22.011/UI .. lOI.oIIaJ .. 228.8(17 

uoo 31.1@;Q ".660 21.'H1' 25.'88 .. 300.936 222.860 
1400 32.100 50.0t2 29.461' 28.763 .. ]OO.3'S2 216.87'5 
1'500 32. Tl'o 5(:~2S0 ]0.912 12.001 .. 299~ '1'36 "' 210.9)6 

Dec. 31, 1964: June 30. 1971 

Log Kp 

HH'lNlT[ 
650.0U 
315.361 
203.973 

207.60 • 
152 .. 234 
119~O16 

96.il:T9 
81.J077 

-·n~2)"T 

dC.C]?' 
52.681 

46.682 
41.686 
]7 .466 
ll.8'56 
lO.13] 

BORON OXIDE (3
2

0
3

) (CRYSTAL) Gf'oI ~ ".6202 82°3 

lIHfO " -302.5 't O. S kcal/mol 

5 298 15 12.90 0.1 gibbs/mol lIHfi98.15 -204.0 0.5 kca.l/mol 

Tm :: 723 0.5 X I.'IHm" S. 7SJ ~ 0.1 kC.:I:lImol 

Heat of rO):'ma'tion 

The 4d.opted tlHfi9S(B203' c) = -304.0 '! 0.5 kcal/mol is calCUlated from JANAF uHf;9S(BF 3 , g) " -271.42 :t 0.4 kcalfl:\Ol (],) and 

..IHci98 " -238.82 !: 0.39 kcl!lfr.:ol for B
2

0
3
(c) + 3 r

2
(g) - '2 BF

3
(g) ,j. 1.5 02(g). The h~at of combustion of B2 0 3 (c) in fluorine was 

determined by Johnson a.nd Hubb4rd (~). The direct eo:nbus'tian of boron in oxygen has led to fiilfi9S{glass) values 1.i'r,ich range fr;'om 

-280 to -368 kcal/mol (]., ~, ~ • .§., 2, ji, 1} due 'to incomplete coru:,ustions or ill-defined states of combustion pl"'oducts. These 

v4lue5 are not I'elia..ble . 

A reliable heat of forlJllltion of boric oxide can bc derived fram heats of solution of H3 B0 3 (c) and BZ03(c) which are listed 

below. Since the hC4't of dilution of aqueous H3B03 (.!.Q.) is relatively ~r.l.all, no correction has been applied to the report.ed 

hca't of solution dat:a. The derived ..iNf va.lues given in the LUit column are in ver-y good agI'eement wit::h the values adopted. 

Investi g,a 'tor 

Stacke1berg (ll) 

Ro1:h (g) 

Katz (g) 

S11"..:isko (~) 

Van A('tsdalcn (12) 

rasoJ.ilW (d.§) 

Heat' of Solution (kcal/moU 

Al.!SOl).!2Q3~ ~OlnD!3!!QJ~ 
-3.56" +5.3 

-3.41"' +5.10 

-3.1.i.9* +5.3 

-3.48 +5.27 

-3.1.49 +5,17 

-3. ",5 +5.45 

lIHr(c) 

(kcal/rnol) 

-14.16 

-13 .61 

-H.09 

-14.02 

_13.83 

_11.i..35 

C!.Hfi9S(S2 0 J' c}(cD 

(ked/rooD 

-303.83 

-304.38 

-303.90 

-303.97 

-304.16 

-303.54 

* The heat of solution of 8 2°3 (amorph.) was combined with lIHd 2 5· C} = 4,44 Kcallmol q) to Obtain the MI;oln( 5 2°3 , c). 

(a) B
2
0)(c) + 3 H

2
0( t) ... 2 H

3
80

3
(dq) (b) H

3
B0

3
(c) .. H

3
B0

3
(.'!.q) (c) B

2
0

3
(c) + 3 H

2
0{.o ... 2 H

3
B0

3
(c) 

(d) The au-xili.'!!"y data i'.Hf;98CH3B03' cJ = -251.47 t. 0.2 kcal/mol (J) and lIHf 29S (H 20, £) = ~6a.315 kcalfrrol (;&) are used in 

the ca.lculation. 

Other solution ca.lorimetric meaSl..!rernen'ts (ll., g, ~) which involve the hydI'olysis of B
2
H6 {g) and BC1 3(l) lead to heats of 

[oI'r:.'I.4tion of boric oxide (c) with a r~lati\lely large uncer-tainty since the techniques .... ere indirect and !n4l"ly questionable 

auxiliary da:ta. were employed in the d~I'ivat:ion. 

Heat Capacity and Entropy 

The adopted heat capdci e-ies are derived from Cp data of Kcrr, Hersh and Johnston (12) and Shmid"t c.~J) in the temperature 

regions l8~296.6 K and 303-703 K J respectively. These n<o sets of Cp data were measured adiabatically and are smoothly joined. 

at 298 K by a polynomial curve fitting technique. The derived entropy. 5296.15 ::: 12.90 !: 0.1 ell, is based on Sis. De ::; 0.025 eu. 

Kclley <ll} also r.oeasured low telllpel'atut'c Cp from 53 to 295 K which aN in very good agreement with the values adopted.. 

Southard ell} detcrrrrined high temperature enthalpy dat,1. fror.l 350 to 721.5 l< by drop calorimetry. 'the deviat'ions of the cbsel'ved 

en-Chalpy dat:a fram t:he adopted values are ahou"t SIt at: 360 K, H <!.'t 570 K and 0.5\ at: 720 K. 

Mel ting Data 

The rnelt"ing poin!", 723 % O.S X, ).,las determined by Shmidt" C2J) , in excellent: agreement with the val\.:e 723 .t 2 K r-epol'tcd by 

Kracek ct a1. (~). The adopted heat of fUSion, :'!..Hll". -= 5.75 :: 0.1 xed/mol, is derived from lI.Hr{29fJ K) '" 4.44 kcd/mol C.V for 

B20.jecryst"<11J '4" B
2

0
3

(4:norph} and the .adopted relative enthalpies of the two forms at 723 K. This value is in reasona.ble agreement 

with ~H .. n(723 KJ = S.61.t 0.1 kcal/mol determined ca.lorimetrically by ShT:lidt (ll). 
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3. w. A. Roth, Z. Nat:'...\r. 1, S71.! (19'-.6). 
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Boron Oxide (B203 ) 

GFW ~ 69.5202 

0 .000 .000 IlIIIrIN!T1i - 2.404 .. 296,268 298.266 INf'INITE 
100 6 e U! 7' .810 29.241 - 2s1QS .. 299.060 29].615 641.695, 
200 10.97. 13.588 1 .... 99 1 1.262 ... 299.402 288.0J9 311.133 
2'. 15.010 13.149 U e 149 ,000 .. 299.560 282.398 207.003 

,o0 15.080 1&.&42 1&.749 .028 .. 299.562 .. 282.292 20S.U9 
400 18.500 ?3.662 19.353 1.711 .. 299.~.e9 .. 276.527 1'51.08T 
500 21.320 28.109 20.659 ).1'10 .. 299.513 .. 270.769 liB.)5! 

600 31.750 ll.O66 22.316 6.450 .. 298.655 .. 265.060 96.5U: 
}'.Q.Q. ____ ~ 1 Jg~.9 ____ J}_._~~~ ____ ?~J~9! _______ 'h~~L __ ~_j.?! .• _9_2J ____ ':_~~!! ~p ~ ______ aJ_._~~~ 
aoo 31.000 42.037 26.183 12.6Bi" 297.107 .. 2'511.014 69.410 
900 H.OOO 45.689 28.n1 1'5. ree .. 296.360 .. 2.8.740 60.402 

1000 H.Ooo 415.955 30.071 1&.864 .. 29'5.671 .. ZI3 • .a!a '53.213 

1100 1l.000 51.910 31.92" 21.964 ... 29'5.037 ... 238.29& "'.l4~ 
1200 UoOOO ~4.607 33.104 25.06" .. 294.447 .. 233.165 .2.465 
DOD H.OOO ~7.0U 35.108 28.184 .. 293.901 .. 22&.Olll n.l4 • 
1"00 ]1.000 59.l86 37 .040 31.28. .. 293,)91 .. 223.031' 34.e18 
noo ;\1 0 000 6t.524 3lI~602 34.3&4 .. 29~.919 .. 218.031 3t.161 

1600 HoOOO '3.52~ "o.on 31".484 .. 292.Ut .. 213.050 29.101 
HOC H.OOO 65*40" 41*5J2 10.584 .. :!iU.OT4 .. 206.099 26.75] 
taOO H.OOO 61".176 42.90. 43.U4 .. 291.697 .. 203.111 2&.666 
1900 H.OOO 66.1I!52 44.229 46,184 .. 291.)46 .. 198.26) 22.lI05 
2000 U.OOo 10.U3 .5.501 4'1i1.8e4 .. 291.014 .. 193.313 21.131 

2100 JJ .000 1) t'5' 116.125 32,'84 .. 290.101 .. 18f1.496 ,9.6if 
2200 31.000 73.391 47 .90. 56.0U ... 290.109 .. U3.6H 15.243 

~-}~~-- --Ii !g~~---- -;-~:-~~~ ---- ~~~~{}-- ---n~ iU- -- ~-~:~-:-!-:-~ ---;- H~! ~;~------a:·~:i 
2'500 31.000 77,360 51.206 65.384 .. 300.110 166.913 1&.166 

2600 31.000 78.570 52.236 48*4811 .. 300.168 163.657 1].157 
2700 .51.000 19.1116 '53.233 71&584 .. 299.935 156.109 12.822 
2800 H.OO(l 50.fIn '54.200 ",684 .. 299.710 1~J.ln It .956 
2900 1l,000 51.961 '5'5.139 71,7U .. 299,492 147.936 11.14!l 
3000 11.000 33.012 56,051. ao,eu .. 299.261 ,4:2.1t6 10.391 

31. 1960; Dec. 31, 1964; June 30, 1971 

BORON OXIDE (8
2
°3) ( LIQU!D) GFW ~ 69.6202 82°3 

S2:98.15 18.75 0.1 gibbs/mol aHfi9B.1S -299.56:!: 0.6 kcal/lhOl 

Tm:;;7230.SK arimO S.753 0.1 kC.;ll/mol 

'Tb 2338.2 J( t.Hv G 86,4 kca.l/mo1 

Heat: of Forma:t:ion 

The adop'ted value, .6Hf29S (l) = -299.56 kcalirnol, is calculated from f.,Hr·(2S~C) :: 4.44 :!: 0.06 kcd/mol CJ) for 

B20 3 (C) - F.l 2 0 3 {gl.!5s). using JANAF ,mf29SCB203' c) :;; -304.0 ~ 0.5 kcal/mol. The value ot uHr· was determined as t:he 

difference of hedts of so]ut:ion of crystalline and glassy 8 2 °3 by Johnson and Hubbard (1), 

Hedt Capacity and Entrap ... 

Hedt capacities of B
2

0 3{glass) have been measured a.diabatically in the temperature regions 59.6-295 K by Turdakin 

arld Tarasov (2), and 306.7--910.8 K by Shmidt (~)) respectively, ThOJf\dS and Parks C~) also measured isot:heX"mally the 

heat capacities from 30.13 to 59 1j K in a radiation calorimeter. 30th Shmidt (~) and Thomas and Parks (~) observed a rapid 

rise in heat capaci1:Y in the region 500-S80 K. 'mis rise indicates a glass transition in liquid. B
2

0
3

, 

Southard (.§) a...'1d Krasovitskaya et dl. '§'> detel':nined enthalpy changes by drop calorimetry in the temper ... ture regions 

3B1. 7-1776. B l< and 1015-1l54 K, respectively . 

We have adopted the Cp ddta of Turdakin (60-7.95 !O and Shmidt 007-600 .0 which are smoothly joined at 2gB K by il 

polyr.omi4l curve fitting technique. The drop calor'inetric r.!at~ of Southard in this region 381 to 600 K aN less reliable 

since the final state of the sample was dependent upon previous thermal history through the glass "transition region, 

Above the melting point, we have chosen a constan't. Cp, 31.0 cal/mol deg, which is it compromise between the adiabatic Cp 

and drop calorimetric data. The uncertainty of this choice, !:C.6 ciU.!mol deg, is within the eXperiment.!!,1 c'r'rors of both 

techniques . 

Melting Dag 

See JANAF B
2

0
3

(c) t4ble dated June 30, 1971. 

Vaporization Data 

The boiling point is calculated as the temperature at which flGr = 0 for 8
2

0
3

( t) ... B2 0 3 (g). The heat of vaporiZation 

is the diffeNnce in ilHf- at the boiling point between liquid and gas. 
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s. B. Tho:::t.as and G. S. Parks. J. Phys. Chell'\. 12., 2091 (1931). 

5, J. C. Southard, J. Amer'. Chern. Soc. !!l, 3147 (1941), 
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Boron Oxide (B
2

0
3

) 

( I dea I Gas) GFW • 69.6202 
~---------------------

~----gibbs/mol---, kcalhnol-----
T, ~K CpO so -(G~-If':t .. )rr W-HOIN .6.Hr' &GI" Log Kp 

o ,.0 
2'0 ". 
". ... 
00' .0. 
10' ,.0 
"0 

1000 

1\00 
1200 
1300 
1400 
1300 

1600 
1100 
1600 
1900 
2QOO 

.000 
9.510 

13.22. 
1~ .. 919 

l!!,.020 
11.ee.o 
~ '9.207 

:21.1.272 
:n.n1 
21.345 
'l!2.426 
0!2.902 

H.29a 
:23.616 
2l.se! 
2".1 is 
:24.)06 

24.068 
2'.601 
24,726 
24.829 
24.919 

.000 
,)4.22a 
61.962 
61.195 

&7.89 • 
T2,711 
16.907 

80,507 
83.699 
86.'69 
89.177 
91.56'5 

93.161 
93.908 
91.709 
99.41!le 

IOt.U9 

102. TlJ 
104.220 
105.6)0 
106.970 
10e.246 

2(00 24,998 109.4d4 
2200 2:',061 110,628 

}!-~}-- -~~:l~~---+!-t-~i_~-
2.500 25.23i1 1jl.au 

2600 
HOO 
2!1CO 
2900 
)000 

liDO 
)200 
]]00 
lAOO 
)500 

1600 
3100 
HOO 
)900 
4000 

filOO 
4200 
'loo 
4400 
4500 

iii 600 
4100 
4600 
4900 
5000 

5100 
5200 
5300 
51100 
5500 

'5600 
'5100 
5800 
5900 
6000 

2~,273 
25.1I2 
2!J.J47 
25.179 
2'3.401 

2~.U. 

2~.4~.H 
2':1,479 
25,499 
2~.3l1 

2~ .5)" 
25.5'50 
25.564 
2~,5T1 
2~,590 

2~ .601 
25.612 
25.622 
2),631 
25.64(; 

2'5.64!l 
2~.656 

25.663 
2'5.610 
25.616 

25,652 
2'5.68e 
2S.69l 
2'5.696 
2~,"Ol 

2!1.T03 
2'5.112 
25~ 116 
25.720 
2~ .124 

114.834 
11'S.r8B 
116.709 
111,~99 

116.460 

119.294 
120,102 
120.885 
'21.64~ 
122.386 

123.105-
123.805 
J2'.486 
12~.t50 

125.198 

126.43U 
121.041 
127.650 
12!1i.('H 
12!l.e15 

129. )7'1 

129.931 
DO.HI 
111.000 
131.319 

132.027 
t32,526 
133.(:115 
133.1196 
133.967 

IH.430 
134,885 
135.H3 
t!!!.172 
136,205 

Hal'. 31, 

INrUUT£ 
80.0]0 
69.176 
61.195 

61' .195 
68.446 
69.736 

71.238 
72.19" 
1'4.310 
1''!J.aI6 
71.300 

18.60e 
eo.ooo 
8t.l27 
82.56l 
al.TIi6 

i!l4.884 
8S.97S 
ar,O.H 
8a.01l.5 
8Y.024 

3.427 
.. 2.58\ 
.. 1,08,43 

.000 

.030 
1.729 
3.585 

5.S61 
1',6H 
9.1&3 

11 .996 
14,26,> 

16.576 
UI.922 
21.291 
23.698 
260\ 1 9 

26.556 
31.012 
33.479 
l5.1010~6 
le.A44 

.. I'H'I.530 
199,1'37 

.. 199.803 

.. 199,800 

.. 199.800 

.. 199.811 

.. 199,817 

.. 199.984 

.. 200.111 

.. 200.248 

.. 200.J36 
200.529 

.. ZOO.ti!!!S 
200,8119 

.. 201.027 

.. 201,217 

.. 201.1124 

.. 201.647 

.. 201.866 

.. 202.142 

.. 202.All 

.. 202.69.111 

69,964 .110,9,,0" 202.985 
90.a61 4).A4)" 203.290 

-;~~it~----- -!~~n~---;: -~~-i~-:-~-~--
I>IJ.U8 SO.9.!}9" 2!5,04!1 

98.251 
9S.0H 
9!'i.789 
96.S26 
91,243 

91.941 
98.621 
Q9,21U 
99.930 

)00.561 

101.1718 
101.180 
1(12,360 
102.944 
103*501 

104.059 
104.599 
1050128 
105,646 
106.155 

106.654 
107.143 
107,623 
108.095 
108.5Sa 

109.01· 
109.061 
109~901 

110.333 
110.159 

1n.11'7 
111.589 
11 1.995 
1I2 e J9' 
112.7fH 

H.51. 
56.0'" 
58.511 
6 t.t iJ 
63,t'i52 

66.!9A 
68,7]9 
11.286 
13.e35 
76,386 

78,936 
8t .492 
84.048 
86.605 
89.163 

91.1'23 
94,284 
96.aiS 
99.408 

1°1.912 

104,536 
gl7ol01 
109,661 
112,2]& 
114.801 

1H.l69 
119.937 
122.506 
125.016 
127.6116 

130.211 
132.788 
i 35.359 
tl7 1 'H 
lilO.S03 

.. 215.H& 

.. 215,715 

.. 216.0S7 

.. 2'!6,&02 

... 216.1Sl 

.. 217 .106 
... 217.464 
.. 211.1827 
.. 216.194 
.. 2!f~~564 

.. 218.939 

.. 219.118 

.. 219.699 

.. 220,OB' 

.. 462,832 

.. 462.76J 
... 462.69. 
.. 462,630 
DO 1162.572 
.. 1i62.~16 

.. 462,462 

.. 462.414 

.. &62.368 

.. &62.327 

.. 462,288 

.. 462.256 

.. 462,225 

... 62.196 

.. 462,174 

.. 4620\51 

.. 462,,31 

.. 462.126 

.. 1162.118 

.. UZd!l 

.. &620114 

199.5)0 
196.9)' 
19&.095 

.. 191'.261 

197.246 
19&.39) 
195.532 

.. 194.653 
19).75. 
192.839 
19t.90'5 
190.952 

t89.989 
189.008 
18&.015 

.. 167,006 

.. la5.9tH 

ra4.Qal!l 
18l.891 

.. lS2,lIH 
tet.7'S! 
160,659 

INFINITE 
43/1.710 
216.466 
144,596 

-143.(9). 
101.304-
85.461 

70.902 
60,49) 
'52.6et 
46.601 
41.733 

IT .141 
34,.11123 
31.608 
29.t 93 
27.098 

2'>.263 
23.642 
Z2.199 
20.906 
19.141 

179.Sut !8.686 
tY8.42~ ll'.12S 

-~-H~;{1g- - ---!-:-;~j~ 
.. Jl4.1!!5 )5.217 

113.131 
.. I1t .50) 

169.562 
.. 16!1.200 

166.5)5 

.. J64~&56 
... 16).166 

161.462 
"159.141 
.. 1~8.029 

156.259 
.. 154.544 
.. 1'52.1'3A 
.. l'5t.021 
.. lu.960 

137.014 
129.06] 

.. 121.120 

.. 03.161 
\05.244 

97 .299 
.. 89.361 
.. 81.420 

73.497 
.. 65.559 

.. 57.620 
49.692 
41,156 
33.8]0 
25.MIA 

17 .966 
.. 10.032 

2.097 
'5.833 

13.71'1 

14.:!i'5l 
13.682 
13.258 
12.616 
12.132 

11.622 
110144 
10,693 
10,268 
9.863 

9,4&8 
9,129 
8.787 
8.463 
1.920 

1,3011 
6,116 
6.156 
5,622 
50111 

4,623 
40155 
3.1'01 
3.27& 
2.866 

2."69 
2.089 
1.722 
1.369 
1.029 

.101 

.385 

.079 

.216 
,502 

1961; Dec. 31, 1964; June 30, 1971 

BORON OXIDE: (B
2

0
3

) (IDEAL GAS) G'" ~ 59.6202 B
2

0
3 

Point Group C
2v 6HfO :< -199.5 '! 1 kCdlirrol 

Si9B.15 ~ 67.8 1 gibbs/m.ol i\Hf;98.15 -199.8 1 kC<il/r.".ol 

Ground Sta:te Quan'tul1'. Weight:: 1 

Vibrdtiona1 frequencies and Dcge.nel"acies (lA, crn-."- dll sin.gly degenerate) 

2073730521 (172] [Q601 2073 124.0 457 !j80 

Bond Distance; 0-6:: 1.36 :!: 0.02 A B::O:: 1.20! 0.03 A 

Bond Angle; 0-9-0:: lBO~ B-O_B" [120 0 1 

Product of the Mornen'ts of Inertia: IAIBIC:: 3.15302 x 10-111i g3 <::.'ll'i 6 

Heat of :or'll'.ation 

The vapor pNssure of 9 2°3(0 ;.:as measured by many investig4tO!'S using va.rious methods. Second and third lal.;' analyses of 

theso;, data. (d.-g) aN given below. We hd.ve d.dop't(!:d 'the 3rd la .... hea.t of va.porizdtion, uHv
298

:: 99.75 kcal/mo1. to derive 

..;Hf i9B(B 20 3 , g) :; -199.8 ~ 1 kca:J./moI, using ilp.fi98{a:;:O~3' l) " -299.58 kC41/mol. The adopted uHv
298 

is calculated froom 

Hildenbr-a."i.d's data <.:p and this value also serves as <i01 average of all derived he-ats of vaporization except that of Cole (ll). 

The uncert,:linty is <tSsigned to be at least !'1 kcal/mo.l since 'the bending frequency W<lS estirna:ted to be eit:her 172 or 260 cl1l- 1 (11,) 

which could lead "to a difference ~1 kcal/mol in the utiv calcula'tion t:hr-ough the frEe energy fu~c'tiQn:s of B
2

0
3
(g). 

No. of 

_J_~~~stigat:or Temp CO Method !:.~in'ts 

Hildenbrand (!.) 1436-158'1 Torsion-effusion 14 

Gree:no (1) 1946-2419 T:ranspir<l:rion 16 
dir-ect boiling 

l:li.khle:- (.:p 
B lackbUT'n (~) 

Sommer (.§) 

NesmeydJ'10V (§.) 

Scheer <1.> 
Searcy (.!!) 

Soulen (i) 

1300 K;;tss spectrometric 

132~-1547 Knudsen-effusion 

1228-1541 Mass spectrometric 

1229-1515 Knudsen-effusion 

141~-1621 Torsion-effusion 

1501-1566 Effusion 

1567··1808 Carrier gas 

15 

12 

19 

.jHv 2 98 (kca1/mol) 

~~~ 
lOO.9?! 1.34 99.7S~o.35 

92.5S.!' 2.52 10:?80~1.B 

100. 5 ~ 3 

Drift (eu)d. 

-0, S ~ 0.7 

~. 5 !: 1. 2 

£3 OS!' 1.37 99.06!:O.74 4.2 _~ 1.0 

92.31!: 0.94 99.17~1.1.l0 4.6! 0.6 

S2.6S!: 2.85 98.52~1.70 11.1 ~ 2.0 

95.55:!: 0.9'1 lO1.50tO.56 3.80~ 0.62 

101. 67!12. 46 

66.1?!: 7.8 

98 3l~O.79 -2.2 8.1 

sa OO!.5.06 18.8 4.9 
Speiser (lQ) 1331--161<2 Knudsen-effusion 22 c 6S.54!: 1.52 99.06"1.4.l> 6, 4 ~ 1.1 

9.0 !: 1. 4 Cole (ll) 1473-1673 Carrier gas 73.27.! 2.28 87.36!1.4S 

';Hf
298

(g)b 

(J<:cal/mol) 

-199.81 

-196.76 

-·199.0S 

-:tOO .lIS 

-200.39 

-201.010 

-1913 .06 

-201. 2~ 

-201.56 

-200.t>0 

-212.20 
Drif't is defined as 'the difference between ,'ISrO(JANAF functions) and :lSr e (2nd law}. b: The 3rd laW lI.Hv

298 
is used 'to derlve 

.,l-lfi9S(g), except the ref. 3. four points wer-E!: NOject:ed due to failur<e of a statistical test. 

Heat" C~R'!£L~y and Zn-';:r'_~£Y 

The V shaped IT.o1ecular s'tructure for 8 2°3 was proposed by m4Ily invest:igators on the basis of infrared spectrometry (11 . .!J.) 
an.d electron diffraction (~). This s'tructure has been reconfirmed by recent electric deflection (.!..?) ancl electron diffr<:lction 

(!.§) studies whicJl definitely rule out any non-polal' stz:uctut'e such ""s 'the bipyramidal model a.s su.gges'ted by Hanst et al. (ll). 

Thus the a.ssignment of' vibra1:ional frequencies, Ddr.ed on 'the V shaped struc'tur-e, should DC valid. The adopted ViDT'ational 

frcque:1cies (including two eo;timd'ti:d values) were obtained from·Scrn .. ner ct al. (ll> in their inf!'3red spectrometric st:udies. 

Their values have been a.djusted 'to t:he average isotopic species. Other spcctrolJ)etroic (jata (,bl, 1.§.) are in rea.sonable a.g!'f!eruent 

wi'th those adopted in the ta.bu14tior:, 

Akishin and Spiridonov (~) de'termined the bond distances and the bond a..'1g1e (B-O-a :: 95') by electron diffraction. '.le 

have adopt:ed their bond distances in the tabul.ation, but tentatively select an apex angle 3-0-B :: 110 G based on fopce-constan't 

cdlcula'tions of Weltncr d.Ild W&rTI (11) and Sommel' at <11. (12). The 'three principal moments of inertia. a!'e IA ::: 2.9160 x 10- 39 , 

IB ;:: 31.0956 x 10- 39 
d..:'ld Ie :: 3~.0716 x 10- 39 g cm 2 
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Barium (Sa) 

(Reference State) GFW - 137.34 

____ gibbs/mol ____ kcal/fQol 
T. ~K Cp· s· -(GQ-H~28.)rr H~-Hg2M &HF ~Gr Log Kp 

0 .00 ... .coo lNrp;JT£ 1.6"~ ,000 .oon ,!JOO 

100 ~./jOI:> 6.146 ;;(\.loOi" !.2tot'! .(i00 ,(JOO ,000 

'00 ~. )0;: 12.343 1';,533 .t.38 ,000 .000 ,000 ,,, () ,71 ~ lfl,Q32 111,932 .000 .000 .000 ,(JOO 

JOO o,7?0 l/I,CJT.!I lll.Y)2 .012 .000 .000 .1)00 
000 I,QlJ;.! 17.0UO 15.206 ,']£1, .000 ,000 ,000 
;00 I v .11<;~ 19.06" 10;.774 1.6116 ,oao ,000 ,1.100 

600 <:1.11;> 21.083 !6.!l91) ,.7:'1 .000 ,000 ,\lOO 
700 Iv.P' 22.4"5 17,253 J.663 .000 .00('\ .000 
OOU )I.B7 23.M!:! 17 ,997 11.697 ,r)QO ,oon ,(JOO 
90(1 .... 33 7 211,96t1 11:'1,111 ').630 ,0,,0 ,(100 ,(Joe 

UJQO ",337 25.9SI 19, )87 h.S6G ,000 .000 ,000 

1600 'I',23u 32,ap' n,SO] 111,202 ,00(; ,1)00 ,000 
1'00 \I,??l' 32.970 '4.044 1">.1811 ,000 ,000 ,000 
1!:i00 '1',2';'1 H."O~ 24.")55 16.lul" ,000 ,000 ,000 
1900 '1',349 34,007 ;>'),(1110 17.037 .000 ,000 ,000 
2000 ... ,I;I!il(, 34,490 ;>O;."i00 17.'179 ,000 ,DOD ,000 

_~ U~.Q. ___ .• ,!.,!;!,.ll, •• __ }_II..,_~~ ~ ____ .?1i.r_Q)}. _____ 1..111. 2E _________ ,_0.0.0 _____ • __ .! pp!, ________ ,_~~~ 
n00 1,8U 51,131 ;>~.91( 5).7.70 ,000 ,or.o ,fJOu 
2300 G.3 0 ? ''.i1,491 77.978 51i.Odt .000 .000 ,uO(l 
~400 0.9"7 ')1oMl ;>~ .~6~ ':Iq.94Q .noo ,000 .000 
2500 1'.,)20 52.;?31:1 ;>9. A~Y 55.!!7) .00u .OOr. .woo 

?600 lu.Ol1.b 5;:0,622 3n,7';5 5,.,. ~'; .. ,000 .000 
2700 11.1.6'':> 5.3.01 J :n.57J S7.81;19 ,000 .000 
?~()O 11.131 53,tlO<,l 37. 34~ .,~. 97/\ ,000 .oeo 
?900 11.597 53,80e 33.079 60.11111 .000 .000 
JuOU 1 (",OIl 54.201.1 n.176 61.29'5 ,(,ton ,000 

3100 lC.P" 5A ,I'>OIl JA.Ilt.r.2 62,516 .(lOC ,ODD ,DOD 
3200 1£.701 'S5,OOr 3S.0 1 C! 6).771 .000 ,DOD ,000 
3300 1£.91\3 55.<10;;0 )<;,1':1;1:1 6'5.0'}1I .000 ,UOIl ,00(1 
3Q(JO 1 J. IT" 55,792 ) .... 2(4 66,362 .OOC ,oon .00(1 
]')UO 1 J. 33b '56.t76 )1'0 , I.IF 67. ~1'I6 .000 .000 .000 

]600 lJ,l.l'5t.. 56.5'51.1 37,37\1 69.077 .000 .O()O ,000 
3700 1J.53<' 56.923 31,902 70 • .H1 .000 .000 .000 
3/.100 1J.57) 57. :;>8~ jl',l)Otl 11. '7 33 .000 ,000 ,000 
]900 LJ.5"~ '5i".6]t1 ,A,f)96 73.091 .noo .000 .noo 
4UOO 1 J.571) 57.981 ]1.1,369 '7/l.Qli9 .nOG ,DOD .vor 

1)\00 1 J, ... 3 ~ 58.3Ib 39,/\77 75.8(.)111 .noo .000 .UOO 
11200 lJ.4.'1j 0;1'\ .&42 4n,271 n.I':!') .000 ,oon .voo 
1.1300 1 j .41 ~ 51.1,951:1 41'1,702 7(',.500 .(lUV ,000 ,!.IOO 
41100 lJ.].lf. '59.,)l'.b 1ll,I?l 7Q.1l3' ,000 ,ODD ,000 
4500 1 J.2"~ ';9 ,~64 41.~V ~ 1.167 .QUQ ,000 ,\JOO 

4600 !j.160 '.)9.655 41.923 62.4BS .00(; ,000 ,000 
4700 1 j.ur/:) 60.l.F 4;;>.307 1'13,1'100 ,1100 .000 ,000 
.111100 I <' .9~ .. 60,4\ ! 4;;>.661 85.103 .00(1 .oon .000 
11900 t.<.flQ<, 1)0.b7l! 43,046 1I .... 39T ,000 .COO .000 
5UOD l .... ~O<' bD.9Jl1 43. 11 01 t.lr."I:l;:O .000 . o Of) .000 

';100 1 t. 71" ~I, t90 43,7/1B M.9~a .000 ,VOO 
5200 1.:.6'.,. 61,1<36 1)4,01'15 90.n5 .000 ,oor 
')30v 1i.'5 11 7 "'1.676 41.1.l:d~ 9,,4811 .oon ,OOv 
')QOO 1.:.,Q1'I'>' 1'11.910 114. r 37 9?7]1I ,Don ,OOli 

"'500 I..:.j<)d;i "':>. Db tl5.051 9),971 ,I.lon ,00(' 

'lOOf) lot,)?" 62.361 115.3S!i 95.:?13 .000 .000 
5700 I.e:: ... " .. ...... Srl:! 115.65t1 96,4117 ,ana .!Joo 
51:100 I':. 11l~ "'2.'91 4';),952 97.6(,</1 ,000 .vOO 
51,)00 1.:.1<'0 ...... <,199 tlt\.23'>' 9f1.~80 ,000 ,VO(\ 

61100 li.O..,' "'3.202 lIti .520 100,01:19 ,oon .000 

Dec. 31, 1970 

BAf/.IUM (Ba) (REITR[NCE STATE) 

to 592.53°K Crystal alpha 

582.53 76S.13 G X Crystal bet.a 

768,13 to 1000 ~ K Crystal gawna 

1000 to 2ln.1S"l( Liquid 

2121.16 6000 e K Idc.al Monatomic Gas 

GFW := 137.311 Sa 

Ba 
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Barium, Alpha-Beta-Gamma (Ba) 

(Crystal) GFW - 137.34 

----~fmoi---~ ktJid}DlOi----
T. ox Cpo so -(CO-H":tIIIJ}rr HO-H"DII doHf' ~Gf'" Log Kp 

0 .Oou ,000 INrlNrH 1."'52 ,0<')0 
IUO :J.tI(\e. .s.UI!! 70.601 1.:246 .000 
,UO 0.302 12.343 IS,53J ,"36 .000 

'" 0,715 14.932 14.932 .:>00 .fiO') 

.000 r"f"j"llT( 

.000 ,woo 

.000 ,000 

.oor· ,rJOO 

'00 0,7'2'" 1Q.974 111.932 .012 .001) 
"0 (,942 17.040 15.2'06 .7)11 ,coo 
'"0 jl,l,"S!:I 19.066 \5,7711 ! ,(HIt. .oou 

,oor. ,000 
,000 .000 
,000 .000 
-------~ ----

60O 0.112 21.083 16,499 7.7SI .OOIl 
100 IV I t2~ 72.116~ 17.253 3 ..... 63 .000 
",0 )1.337 2)./)61:1 !7 ,997 A.697 .oou 
900 '1.337 /!1I.966 16.111 5.630 ,000 

_, ~~~ _____ y!! !! _____ 7_5.:. ~~~ ____ ~~ ~~~! _______ 6: ~~~ __ • _____ ,_0_0_0._ 

,000 .000 
.000 ,000 
,OO() .000 

.1l00 
,000 

1]00 'If. 3 ~ 7 26,1:1 4 1 20 .O2~ 7.49" '.000 
1200 Y.337 27.b5'1 ?0.627 [:I. A 3t 2,O,){ 
1300 'i.J)7 '8.401 ?1.l0r 9.)11,"> ;;>.000,1 
jlluO 'II.3J7 29,09) 21.7;1 10.299 2.tO) 
1500 '1.3107 29,737 ?7.;<'6\,1 11.23) ('.103 

.rJ)9 
,07) 
.IO? 
.12 7 

.149 

I '0 n n" I 

BARIUM, ALPHA-BETA-GAMMA (Sa) 

S298.15 ~ 14.932 !: [0.21 gibbs/mol 

Tt [582. S3 rOK (cx"'p> 

1'1: :: [768.13]C K (~ .... y) 

(CRYSTAL) 

ilHfO ::; 0 kcal/mol 

uHfi98" 15 :: 0 kcal/=l 

~Ht~ :: rO.OJ kcal/mol 

Q.Ht~ :: [0.0] )(cal/mol 

Gn.:'=137,34 Sa 

Tm :: 1000 ! 3 '"X lIHm o 1.915 1: 0.15 kca.l/mol 

.:.HS298.1S:: 42.8 = 1.2 kcal/mol 

Hea"t of forrnd.tion: Zero by definition. 

Heat: Capacity and Entropy 

The adopted v41ucs below 29a-K are based on Cp·n!J-370·K) of furuk.swa and Ishihara (1) a.nd Cp·U. ~_20eK) of Roberts <.~). 

5 298 i5 calculated from Cpe ha.sed on an extrdpolation of about 0.001 gibbs/mol belo\<.! 1. S·i(. We estimate that 5i98 is uncertain 

by about 0.2 gibbs/mol, due mainly to possible effects of impul""ities. Furukawa and Ishihd.ra (1) reported impurities (in mole \) 

of about 3\ B40, H S"(' dnd 0.2\ Ca. ftJ.r-thet" details on ad:)lJ.stmen't of the date. foY' im?\li:'ities are given in the original. paper <ll. 

Reldti ve en'thalpies were measured by J.!!.uch C.~), Shpil 'rain (~) and Ditmars and IXIuglas (~), Earlier reviewers dismissed the 

abnQrmally high Cp~ values of Jauch as due to a very impure sample. The new di!ta. confirm this decision, but at least one new 

study (.?) ma.y also involve bias due to impurities. Separate portions from a common sample consisting of three Sa rods were used 

in the he.tt capd.city study (J). the en"thalpy study (§) and "the analytical studies {,;, .§.). The calorimetric data suggest 

variability in tl'.e impurity contents of the separate portions. The second new enthalpy study (~) used Ba which was not ana.lyz.ed 

for 0 or· N which are the most likely cont.!lminants. Since the premelting effect in the enthalpy at 979"K appears to be 1/4 4S 

laI'ge in (~) as in (.§.l, the sample of <!:.J Inay have been mot'EI pure; howevsr, such.!!. conclusion would he quite speculative. Liquid 

enthalpies are in re6.sonll.bJ..e agreement. but the crystal enthalpies of (~) are Ii to 20\ lower than those of <.~). Mother major 

difference is that (~J suggests a single "transition" near 650~K, while (.§.) suggests 'two "transitions" near 5ao and 770"K (see 

further discussion in Tl'a."'lsition Data). Further confusion ~riscs because the enT:halpics reported (~) for Csr(c, ,t) are 

unreasonably large. 

\<;Ie tentatively adopT: the smoothed Cp. of Ditmars dnd Douglas (~), pending r-esolution of the transition discrepancy. The 

following al'ternativ(! functions reproduce the enthalpies of Shpil'rain (~) and provide estimates of the possihle bias in the 

adopted functions. Ba(a): Cp"(gibbs!mol);; 5.023 !: 0.005557 T C29B-650 0 K), £\Ht:: 0.345 )ccal/mol at: 650·K; 

B.tCr): Cpe(gibbs/moU:::: 9.4 (S50-999.6"K), ~Hm~ :: 2.0"'6 kcal/i":'Iol at 999.6-K; Bact): Cp"(gibbs/mol) =. 10.0 (999.6-1300'K). 

There is reasonable agreement between the alternative and adopted Cp· for Sa(.!.) .snd Ba(y), suggesting that the r-phases arc 

identical in the two studies. Cp·(a) from the equation is a reasonable extension of the data below Z9S0K (1); i.e., Cp~ does 

.!2Q..! show 'the abnormally steep rise just above 300·)( which appea.r's in the enthalpy data (~) and, to a lesser' degree, in the.Cp~ 

dat:!,l (!). Th~ al"tern.ttiv(! funct.ions suggoest "that the a.dopt~d 'I'-?has~ entropy ml!.)' be biased by about ~O.5 gibbs/mol (about +S\ 

in S.y.-Si9S) due to impurities. Ditmars and Douglas stressed the possibility of such systematic er-ror-s <.§) and estimated error's 

of up 'Co 5\ in Cp· and H~. Our alternative functions suggest that' the maximum error in CpO (a) may be much larger than 5\. 

Recent data fo!' Sr and Ca indicate that T:he pure metals exist: i:1 the fcc and bcc polymorphs but t:hat impurities probably 

s'ta])iliz,e the hcp fDrm. Although enthalpy data {~, §J suggest a. similar controversy for Ba, the pure metal is usually r-eported to 

nave the bcc form at all temper'&tures at atmospheric pressure (~-~). Sever6.l high-pressure polymorphs 6.N! known (l:.Q-ll). Earlier 

hterature <11' contains much evidence for a "transition" ne6.r 61jSOK at one Atmosphere; this is cottsistcnt with net;.' enth«lpy data 

(~) and could correspond to the "transiti.on" found by Bridgman (11) near 17 kbar at room temperature. Bridgman's "transition" 

is in dispute; it: seems to involve 6. very small volume con'traction (g, .!::) a,,·l.d no obvious change in X-ray pattern (]J). We 

speculate that these two "tra:-.sitions" are identic.!!.l; however, evidence for their being it propert'y of pure B& is inconclusive. 

The 1fIdin support' come~ from the re14tively small premelting effeCT: in enthalpY' (~). The enthalpy data (!!) are insofficient to 

distingui.sh whether t.he "transit:iart" is first or se.cond or-der. 

We ter:ta.tively adopt: the two "transitions" with zero enthalpies selected by Ditmars and Dougl,,"s (~). These values are placed 

in ora,dcets to emphasize that there is no con~irrlldtoI'y evidence whatsoever. The authors suggest 'that these "transitions" may have 

resul'ted wholly from impurities. We speculate further that Tt '" 582~K could be ~ue to ilT.purity lowering of Tt :: 6S0·K, while 

Tt ::: 76S"!,: could result from crossing of a SOlid-solubility limit below the eutectic temperatl.lr~ of the Sa-BaO system. This 

..ould favor' the dlternative functions given above. It is also possible that 'the Sr 4J1d C..." impurities coul::::l nucleate other 

polymorphs. 

The adopted functions include :'Ht~ :: 0.97 cal/mol at 57~K from a small A-anomaly observed in ep. between 50 dr-a bO~K '(1) . 

Melting Data and Sublimation Data: See Ba(t) and Ba(g) for details. 
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Barium (Ba) 

(Liquid) GFW. 137.34 

----gibbs/mol-----_ 
T."K CpO S' -(GO-H":as){f H"-W'_ 

0 

100 
200 
29b 0.71 ? 15.1'1503 l'LelS) ,000 

300 O,7')b 15.6\'111 1"i,RS3 .Oll? 
,00 (.9.\12 !.7.961 16.177 ,734 

>0' lu .IIS~ 19.Y67 16.6911 1.6116 

.00 1<.".109 22.126 1 r ,tl21 
70(' li.'5 Q Io 23.9<;) 1 ~. 2?el .00 
'00 

1(01) 
----------------------------------------

1100 IU,04U ?a.al/j 21.28f1 1'1.31)7 
IiOO Y. (7V 29.699 ?1.952 Q.297 

13!JO ".5';U 30.1173 '2.57tl 10.?63 
IIIQtJ Y.400 31.17<" 'l,16/l 11.:'-'10 
1,>0\1 ". c9 v 31.820 <'3.723 12.144 

1600 y. <' 3~, 32.417 24,248 U.oro 
\1'00 '1."'0 32.976 :?4,745 13,992 

'II, 2S~ 33,5014 2~. 217 14.916 
'II, ]4~ H.007 2'), (,6' 15 • .1\1.1" 
.... 1l9{1 Joil ,490 2h,09b 16.TST 

2t00 Y.6/'1A 34.9')7 :76.507 17.71l.,) 

kcall_ 
~Hr ;Gr' LooK. 

I.t'n ,9,7 ,,,7? 

1.192 ,916 ,bl'>7 

1.191 .8'2) .1050 
1.192 .731 - .320 

-------------------
.000 ,1)00 ,000 
.00'1 .000 ,uoo 
.000 ,1)00 
.OOC> ,JOU 
,OOv ,000 

.000 ,000 ,000 

.00<) ,000 ,000 

.oou ,000 ,000 

.0011 ,000 

.OOv ,000 

.()Ol) ,(1)0 ,000 
-?26~---- --...-,-9-..-b- -- --j~:4IT ?-,,-.-9-o-f-----i"A:'?f.----.- -H.-fsJ----- -- t-.-i?-I.---~- ----:f2~ 

~ 30 i) loJ.2?<:' 35,£161 ')1.2~1 1>:1, r 33 )). IS! 2.f91J - .;165 
2 .. 00 1u,""'t. 3(..30) :71.t'>1J/j ;(0,77;;> 32 .9/j~ .11.353 .39 ... 
;;>')00 Iv.9l'>lJ 36.7i12 ')11.003 :?I .~.QR )?I\)I./. 5.906 .')16 

2600 II. aO ? 37.180 211,3<17 n. 9 e.., J?69f 7.45:;> -noo 11 • .,Q6 ;17.6,,0 2t1.6f\J. <,4.1)0 )2.5bl1 il,995 -
li.I.IIlU )8,01'12 2 9 ,010 2':.,3111'1 3:?4',,,) 10.':.1)1 - .O?;;' 

lJ.0)4 )8,509 flY, ])0 2>',.619 P.30J 12.064 - ,'109 
!J.68u 38.961 ?'f ,643 -;;7.95':. 32o\Cl9 13."<;' - ,Y9U 

3100 1". ]76 )9,421 29,9'51 29.357 31.96{ 1';'113 1 • .Jtl5 
3Z(J0 D.I?.II }9.tlB9 ]0.2511 ~o ,1'<32 31. 7~H! lo!i.6?0'1 - 1.136 
BOO 1~.9?2 lIO. )e>7 30,';53 3;( .31$3 31.1il'" 18. 1]6 1.20) 
3'1<.)0 10.'7u 110,85.11 30,1349 )1i.Ojl'l 31.153 19.6}.11 - 1.76? 
35UO ll.e'u ~ 1 .353 31. 142 35.'39 ]0. 7~,)7 21,12:? 1.31'" 

Dec. 

BARIUM (Ba) ( L!QUID) GFW :: 137,34 Sa 

S298.15 [15.8531 gibbs/mol 6Hf;98.1S [1,192] kcal/mol 

'l':n :: 1000 t 3~K ... Hmo 109B 0,15 kca1/mol 

Tb [2122.16J o K llHv C [33.523) kcal/lllOl 

Heat of Formation 

The heat of forrn4t:ion is ob'tained from 1:!'-.at of 'the crystdl by adding flHm~ <md the difference bet:ween Hrm-H298.1S fo:" 

crystal and liquid. 

Heat Capacity and Entropy 

Cp' is based on thc parabolic e.quation derived by Douglas .and Krause (]:) from enthalpy data of Ditmars and Douglas (1). 

The enthalpy d.ata (l003 to ll73-K) may be biased due to impuri"ties in "the sample (1); however, enthalpy data 0035 to 1253~K) 

of Shpil'rain (1) are in reasonable agreernent. This sugges"ts that the large discrepa.ncies for Ba{c) are partially compen

sated by diffeN:!nt v4lues of LlHm". Detailed discussions of the discrepancies and possible altern~tive functions are given 

on the crystal ta.ble. The alternative functions, derived :rol1'. the possibly p!.:r'er- sample of Shpil'rain (2), suggest 

that the adopt"ed liquid entI'Opies may be biased by about +0.4 gibbs/mol. 

Douglas and Krause emphasized. the uncertain nature (1) of 'the parabolic extrapolation of CpG from 1200 to 2000*K. The 

extrapolat:ion is X""easonable provided that the temperature coefficie::t of Cpo is Hot grossly biased due to effects of 

i mpur:l. ties on 'the observ~d enthalpies. Such bias seems unlikely because of the agreement in enthalpy between samples of 

different puri"ty (1. 1) and because the impllrltes (1) at'e pt'esent in amounts much below their" solubility limits (l, ~, ,~) 

in Bat,£). We note 41so that is not significantly changed when the p~rabolic fit is replaced hy a. t'Wo-cor::;"tant fit in 

which Cpo approa.ches a consta.,',' gibbs/m.ol) ,'!t high temperature, 

The par4Dolic Cpo is extrapolated to 580 oK, 'the assumed glass transition tempeT'a.ture. Cp~ below 580·K is taken to be 

the same as the crystal. S;98 is obtained in a manner <Jnalogous to that of the hea.t of fOl'l'r.ation. 

Xel ting Data 

Ditmars and Douglas <.~) considered early melting poir.~ data and arbit:rarily selected 991-K, Recent data yield higher 

..... alues of 996 ~ 1 (2, 2) and 1002 ~ l-K (!-lQ). These va'lues N!.present mo!"e carefully purified samples. We adopt 1000 !: 

J·X and o!ldjust dHm- sligh'tly so that the result is consist:en't with the smoothed enthalpy (1) of the liquid. Alternative 

functions ba.sed on enthdlpies of Shpil'rain (]) suggest that the adop-red l\.Hm~ may be. too small by about O.lS kcal/mol (see 

the cr-ystal table). 

Vanorization Data 

Ttl is calculated as the 'tempera."t'.Jre a"t which IlGr- :: 0 for Ba(t) ... Ba(g). t-Hv~ is the difference between D.Hf4(g) and 

M1f~( t) at Th. Bohdansky a.'1d Schins (li) reported Tb = 20e3~K based on extrapolation of their "'''"por pressure datd from 

202"~X. OUt' calculated Tb is some 60· higher due to the entr'oPY difference be'tWeen the adopted functions and vapor 

pressure,data (g) dnd to adop'tion of the mean third-law IHis* I"dther than the apparent v,'llue at: 2024~K. See Ba{g) for 

further details. 
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Bar i um (Ba) 

( I dea I Gas) GFW • 137.34 

~~~-gibb5/mol~~~_ 

T. gK Cp~ so -(Gg-WDII)(f W-H"H$ .ur 'Gr' Log Kp 

o ,OOv 
100 'l,<,Il\t) 

:;>00 0I.96h 
296 'l.9'<'tl 

JUO ",966 
'100 "."'!id 
':loa ... 9"'0 

600 ",",'\0 
700 'I, 9~i' 

600 '1,9"b 
900 ... 97<; 

luOO ".976 

1}00 <J,y';l1 
1200 :;',on 
1300 :;,,07 .. 
)4\J0 ').171 
1,)00 :;'.101 

160C :;'.49b 

17(jO :;'''&13 
!f\OU b,O,)? 
1900 0,4<'7 
2UOO o,8tll; 

2100 (,326 
-2?Oo-----7~111!-1l -
2300 0,392 
71:100 b,95! 
2~OO .... 5'6 

2bon 11,1.01'10 
;UOO lu.6?5 
21:100 

3100 I.:. 3"~ 
3200 1£.7(11 
3)00 \.:.'363 
3400 1 J. 174 
3500 I j. J 36 

300(1 J,'I54 
J , ').~ .. 

J,573 
J, ').')~ 
J,'J7 v 

"100 IJ.534 
1l2UO lJ.IIA). 
4300 IJ.4!':l 
l.lilOO 1 J, 33t1 
14:'00 1 J. ~~':I 

4600 iJ,I60 
11700 1 J,070 
0800 1£.91<" 
ll',lO(1 1",I}92 
51)\)0 1",1'107 

5100 
520u 
':l.WO 
"i1i00 1(,016\1 
SSOO 1£. )91.1 

')000 
5700 
StlOG 

""!l0 
~()OIJ 

.aoIJ 
35.236 
)101,679 
40.663 

QO .~94 

". 
44.137 
1.14.903 
45.566 
46.152 
116.675 

H.ISO 
A 7 , ~iI\ 0 
1J7.990 
111'1,)69 
AS,7)} 

49,079 
119,.:119 
119,756 
SO.093 
'50.11.33 

p'n~ lTl 
4".1,01\0 

lIt.llf 
1I0.t'l63 

lJO,l'ltoJ 
40,.'1'51:1 
£l1.2?0 

41.631:1 
1.12.051 
1.12.11')0 
4?tI?9 
.113.1 At! 

tl 3.~2r 
tl3,8.1l'] 

04,lSl 
40.4JY 
./111.713 

044.975 
tl'.).?26 
115. Ii 6'>' 
4~. 70J 
1.1':1.931 

1,4t'11 
.9/j/.i 
.<lMI'I 

.000 

3.i1/:>1' 

~ .986 

6.'566 
7.\28 
7.711 
~. )40 

9.003 

'12.797 
41'.571' 
42. 1~7 

4\.'5'1\0' 

.(j 1.133 
40,596 
40,\01) 
}9,1'2) 

117.971 
40.3'5) 
]7 .61'3 
35.12 A 

35.0Al 
32.'539 
)O,07A 

11'1.11'111 T[ 
/'.1-..191 
41.178 
:?'.>.'o;,o 

... 25 • .,r::;? 
17.771'1 
13.1"~ 

- 10,UQf> 
7,'>'.(13 
0.34/1 

5,12;> 
4,1,,1' 

3. iou6 
2.793 
2.2"0 
1,1:)41 
1 ..... 75 

I.l"ill 
.1173 
.6?1:> 
,to07 
,212 

50,778 46.15~ 9,;>"1'2 3l.57,) .350" ,036 
--'5-1-,-I-j 1-- - - 46~ "3T .. ---- --1-0-.~ <i'7"o ------ - - -,-0-0-0- -- -- - -- -~ 0(1) - -- - -,-tio-() 

'>1,491 46,5Ao 11.)tl\ ,no,) ,000 ,woo 
51.B61 46.79'-' t20149 .nOll .000 .0QO 
52.738 117,00'>' 13.073 .000 .000 ,000 

51',622 
53.013 

5",,0,06 
'.)5,001 
55.402 
">5.'9:7 
'"i6.176 

58,316 
'HI.6A? 
';6.958 
59,266 
')<_.56<1 

59."S5 
60.l.37 
flO,1I II 
"'0.678 
60,93d 

fl1.190 
"1,436 
61,676 
t.t.9!O 
"'2, t3t1 

~2, j61 
1:12.571:1 
62,791 
"2.99'" 
"3.202 

q7.?17 
47.424 
117.6]1 
117.1'1.37 
IIf'1.f1l!3 

API.?I.,;! 
411,4'53 
118.650 
"A,eb? 
l"Q.065 

/lQ.?6b 
t..9.'110 
IlQ.67\ 
l.l9.871 
'"it'l,009 

'50.261:> 
50, "..,~ 
5n.65Cl 
"j1'l.1'I1l/j 

51.038 

"), .221 
51.1.113 
"il,'::>9tj 
'5!.181 
~1 ,961 

";:>.14U 
'.);:>.316 
"\;:O.':'9U 

C,?66J 
<;;:>.8]3 

";1.001 
5:\.1,.,7 
")3.331 
53,1193 
5 ~,65'1 

1 4 .O'S1I 
j'5.011'" 

1Q,'/'16 
::>O.'HI 
2?2~~ 

2).562 
24 .~a6 

33.004 
311.35') 
35.700 
j7 .037 
3fl.,H .. 7 

39.1'.1:111. 
41.001) 
4?303 
4 3. ~97 
1I1I."d2 

1.11'>"58 
1l1.1l25 
1jll.,684 
119.9)4 
~ 1.!7' 

52,1113 
53.642 
511.1164 
51:1 ,080 
"il,?e9 
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,0(1) 
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.nuo 
,000 
,000 
.00\) 
,01.10 

.0(,)0 
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,0(10 
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,oon 
.0(10 
,won 

,000 

.000 

.000 

,000 
,cot! 

.000 

.000 

.000 
,000 
,000 
,uOO 

,uoo 
.000 
.000 
.oor. 
.000 

,!.lOa 

,UOO 
,()Or. 

,llOO 
,000 
.COll 

.1l0tl 
,000 
,!.lOa 
.!Joe 
,000 

,U{lO 

,000 
,voo 
,ooe 
,000 
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,000 
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,000 
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,000 
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,000 

8ARIIJH (B&) (IDEAL GAS) GF'W :: 137.3~ Sa 

Gr"OUIlO State Configurat:ion 15 !lHfc, ::; 4:3.0 ~ 1.1 kcal/mo1 

5 298 15 ::; 40.663 gibbs/mol ..lHf;9B.1S 42.8 :'.2 kcal/mol 

-1 
ti' em ~ 

0.0 

9034.0 

9215.5 

9596.6 

11395.~ 

12266.0 

12636.6 

13::14.7 

18060 

21065 

Heat of forffiiltion 

Electron; c Levels dnd Quan'tum Weigh"ts 

&i' crn-
l !i. &1.' crn:' .!.i (;i' cm-_~ ~ 

22947 

23757 

23068 

23~09 

7h80 

23919 

24192 

24532 

24980 

2554:? 

10 

25704 

25957 

76150 

25816 

187.30 

285S4 

30237 

30771 

30903 

325 ... 7 

15 

33188 

3383/ 

J5142 

34549 

3 56 ~ B 

35893 

36400 

35974 

37u2S 

)Son 

15 

10 

28 

20 

55 

55 

53 

37 

-1 

~~--
39765 [21] 

3 990 ~ [ 9 ) 

40735 

40893 

41097 

42Gl;? 

'12436 

43264 

35500 

37100 

15 

-1 

~ 
( 112000J 

C 36440 J 

[40000 ] 

C 20000 J 

[ 24000) 

[ 25000J 

r 190001 

~ 
3J 

6J 

2l 

20 

[39000J 20 

[42000 J l:?0 

uHf~ is lIHS~, 42.8 ~ 1.2 kcal/:nol, selec~ed from third--Llw analyses of pressure dd'ta tabUla.ted below_ The adopted v&lue is 

from the recent boiling-point study of Bohdansky and Schjns (]). Exccpt: for the vcry scattered effusion data of Z<1vitsanos (~). 

the other stcldies differ by unu-su"lly large amounts: -2 <1). -6 (}) and +3 kcal/mol (~) _ Data. of Ruff and HartmdIln (~) I!l"C 

r!!ad':"ly dismissed dute 'to the large entropy diserE.".pancy; their da.t:d. for other me'tals have similar discrepancies. Data of 

Rudberg and Lcmpel'r; '-~) for Ca and na show almost identical biases, pI'tlsumab1y due to poor effusion geome'tI""j or to impurities. 

A sirni.lar bias setlD'lS to exist in the effusion-resona.ncte-fluorescenctl da1:a of Hinnov ar.d Ohlendorf (.§); 01)(' ar.1l1ysis is not 

tdbulated below since 't:he gra.phical data include large discrepancies in temperature. Hartmann and Schneider's Ba. data. (~) 

deviate consider.:L:lly ::!',orc from the select:ed v<tlue than do their datd for Li. Mg, Ca a.nd Sr. The differences probably arise from 

impurity effec:ts. Since 8d. is the least volatile of 'the redctivc m.etals studied (1. 1), purifica.tion by distillation presents 

sp","cial pl"oblerns. E:ven Bohdansky and Schi.n::; (]) noted that their Ba doJ:ta may be biased by impurities. 

M<l.lystls of the pressurc data assume tha.t the monatomic gas is 'the only significant species in the vapo:, dI':d that gas 

imper'fec'tion is negligible. Evidence supporting the unimpor'tance of the dimer was reviewed by Douglas and Krause (2). 

Es'timated bond energies for 'the dimers of Mg, Cd, Sr al,d Sa are le5S than B.6 kcal/mol (~_lQ). 

Rang!!'l.. ~298...l- i';,'~~~L!!lf1.~ __ 
Source 

(;1,,) Bor:da:'I.sky (1967) 

(~.> Hartmann (1929) 

(~) Ruff C:..924) 

(~) Zavitsanos (1958) 

(.:!.) Zavitsanos (1968) 

Method 

Boil ing Point 

Boiling Point 

Boiling Point 

Effusion 

Torsion Effusion 

~ 
1498-2027 

1334-ll1.21 

1204-140l> 

1120-1210 

1103-1216 

2nd Law 

l1.5.hO.3 

41.4'!3.3 

92. 5!:3.0 

55 .!:lO 

36 tl0 

(~) Rudbcrg (l935) Effusion 798-1024 43. 2.!:1. 2 

a.TemperatuN!! adjus'ted to IPTS-68 dssuming pUblished v6lues 'to be I?1'S-I.IS. 

b 6S ::: ilSl'i9a(2nd law) -' llSr"Ord law}. 

Heat ~Eacity and Ei"ltropy 

~ 
42.78!:O.91J. 

40. 75.!:0. 33 

37.0 .!:6.1 

43.8.!:L6 

ll) 5.!:L9 

lj5 .91~O. 77 

Entropy Testb 

6S, gibbs/m.ol 

2.2.!:O,1 

0.4.!.:2.1< 

1l.3 .!::L3 

l!l .!:B.8 

-6. 3.!:B_ 4 

-3.0.!:1.3 

Observed energy levels and quan'tur., weights a~e from Hoare (1]) as modified by Garton et al. <11, }.~). Addi tional levels 

dDOye the cutoffs have been ":,,,eport:cd (~, ]2). We adopt an energy-level cutoff which is about kTmax (Tmax ::; 6000·K) below ea.ch 

series limit. l'or Ba I 'this con-csponds to omitting levels ~bove 9s, Bp, 7d and Sf. E:1ergics oj:' unobserved but 

c"!lJ are estimated by compa.riso:1 of Ca I, Sr I, Ba I and their isvelectranic ions, The most important: arc terms of the 

configuration (20000-25000 em-I, a.nd those of the 5d6s' configuration (estimated at 19000 .!: 10000 em-I). Levels above 30000 

arE! averaged. TILe ddoptcd functions arc essentially identicd.l with c<lrlier tabl<!s up to 2000"K; however) the entropies at SOOO·K 

differ ~s follows: Eilsen':"ath et al. 'l,§,), 62.25; JANAF, 63.20; GUl'"vich et al. <'1]),63.65 gibbs/mol. These differences arise 

fr'orn different methods of cutoff and different degrees of dccounting for the unobserved terms. 
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Beryll ium Monofluoride (BeF) 

( I dea I Gas) GFW • 28.0106 

~~--iPbbsjmol---_ ------kcallhlOI-----. 
T, "K 

100 
200 
298 

300 
",0 

>" 
600 
roo 

'" '" 1000 

\1100 
15-()O 

1600 
1700 
1800 
1900 
::tooo 

).]00 
>?OO 
'lOO 
HOO 
'500 

2600 
,700 
'Boo 
'900 
\000 

'100 
'..,00 
~ ]00 
HOQ 
~')oo 

~bOO 
1700 
,tlOO 
'1,900 
I.IO()O 

<1100 
1,i<;,00 
<1)00 
111100 

<i~OO 

4600 
/1,700 
41100 
<l900 
<;000 

'il00 

"200 
'UOO 
",,,00 
')')00 

')600 
<;71)0 
"otlOQ 
..,900 
.,000 

CpO S" -(GO-HOal)!T H~_HO_ 11Hf" 

,000 
"',957 
O.9 AQ 
7. ;40 

7.til4 
7.;1131 
( .720 

7 .91~ 
o.li'd 
t'!.J35 
'1.1156 
0.555 

(l.6jll 

".696 
<'.'52 
.:I.79( 
i'I.,Il.)b 

0,869 
0.,,99 
tI,9lS 
0,949 
a,HO 

e,9'N 
y. OO~ 
':J,O;() 

':1,041 
IJ,Oo;6 

v,070 
"',06.!j 
v.097 
9.1 III 
".122 

".l.ll! 
Y.14':1 
'J.l".lb 
'II, I ~, 
9,1 7 6 

9.1 .... 9 

9,1 99 
~.;nO 

1J.?20 
9.2]1 

9.2 4 j! 

<I.?S,! 
.... ;.!63 
9.2 74 

", 26~ 

'!I,2 9 ' 
9.]Od 
'J ,320 
Y.33J 
9. )4S 

Y.3'.)9 
9, Jl2 
<,I.)AO 

11.400 
\I ,II t:. 

1l.4H 
1I,1I11.t1 

'1,46) 

11,480 
'1,491 

.001'1 
41.~P 

46.3311 
49.1'19 

49.193 

"I.ili'" 
52 .... " 

511. "O~ 
5'5.0511 
'56.7'50'\ 
')7.7/;!, 
S8.oi)/;!? 

5P.oI,jOl 
60.21' 
1'I0.'''1.'} 
61.':1611 
62.11,;? 

62. '43 
63.l"7 
63./91 
64.27<1 
64.734 

6~.17? 

65.')91 
65."192 
66. H>f} 
t.6. r.!l,=, 

670101 
67 • .11114 
"'T.nl.! 
611.0QIl 
68.'103 

66.70") 
61'1.99'<1 
69.274 
69.~Q7 

69.h13 

rO,OT., 
ro.3211 
'0.5&1) 
rO,l'IIJO\ 
71.0 Q 2 

11.<"70 
11./lYj 

71.711 
'1.'17<1 
T2dH 

120337 
72.~H 

72.7).1 
72.10'2" 
7301 1 Q 

1).;;99 
)"),.118l 
73d,l'j9 
!) .tJ)" 
711.00/\ 

T4.177 
74.jQ,} 
74.509 
14.6'1 
!<I.lnn 

49.11<9 
~Q,,, 32 
4'#,9" 

':IO.60!') 
') 1. 23& 
51.8'51' 
':12,11'-'" 
')),0)2 

)].57'" 
,)II,IOt 
')1< .,)9Y 

5':l,071 
>;::0.577 

')T.IH1 
';8.211'1 
')~ ,54' 
';fj. ~ 6':1 
59,17-J 

59. ~ 7) 
')9,7'<'11 
60,0 4 1 
60.)\J 
60.577 

60 .&)~ 
61.08'l 
61.3")9 
61,567 
61.7911 

62.02'> 
02.2("'> 
62.1161 
62.6/7. 
f>l.Sr9 

63.061 
6J.1Tf! 

63,4 1 " 
1'J3,662 
1'!3.~~ T 

64.03(.1 
611.709 
6.!1,3,,4 

6 .... 55' 
64.12<'1 

bl/;.1\9l 
65.051'> 
65,211'1 
65,3'4 
"'~. 530 

65.6~J 
1\5.833 
65,961 
66.1;?7 
66,2'1 

(.08? 
1. 3~A 

.t',91 

.ooa 

.013 
,7.!1\ 

!.soa 

7.28'1 
~ • 09 3 
1.9\9 
(,.J'59 
".6\0 

<!I. 01170 
! 03]6 
1'1.209 
Q .08l'> 
"'.<J!'IA 

1 fl .55J 
11.J'4? 
P.6H 
Il.527 
II.! .4~j 

ISol?l 
1".nl 
17oll? 
1 ..... 0?!'! 
,A.930 

19.631 
;;>(I.J4') 
;;>1.6")11 
??5M 
? ~ • 1115 

211.386 
2';, )02 
21'0.21' 
27.t 3l 
11'1.051 

71'1.969 
;1<;1,111';8 

]'),1509 
J!. '30 
]7.,,,:'3 

33.~77 
:;(,t. '501 
3').112 7 

3"'.354 
]1.21'l7 

]I\.;nl 
]901'1 
.!IO.07) 
q 1.(}05 
4' .939 

42 .. '!75 
Q)./Jll 
4'1.749 
4"i.l§flA 

~ "'.62 9 

4'.51'j 
41'..')15 
49.461 
50.100 .... 
51. )5i 

410159 
40,"22 
110,61 11 
.. 0.600 

11,0.601 
l.IO.69r 
.. 0,.'1&6 

41.018 
61.<'06 
A 1,4lfD 
41.62':1 
III.tl5? 

'2.101 
4".371'1 
1.l?669 
112,<;81 
1.1).31') 

116.110'6 
46.6139 
IIt..957 
... 7.??" 
... T .50{l 

117.784 
4~ ,06" 
IIA.157 
11'<\.6'::>1 
'11'1.951 

69.254 
119.')60 

120.QQ2 
120,967 
121.0)11. 

121.101 
121.169 
t:;'1.?41 
121,315 
Pl0392 

121.1172 
121,S57 
121.e.,H' 
[21,740 
I?1.1'I)9 

... 17.1.945 

.. In.05? 
122.175 

- 122.301 
.. 122,/l;:H 

... 12('.560 
In.!'):? 
t22.fl9J 

.. 123.064 
... 1?3.:i'u 

... 123.I!)Q 

.. \23,63') 
... 123.tu, 
... 1:~1I.069 

.. \21.1 olD;;! 

.. 12 11 .!i4? 
174.801 

.. 125.Clf>1 

.. 12,,)(111 

.. 125.6](' 

~GI" 

"101'59 
4'2.926 
4S.\25 
470352 

4'/' .J94 
119,6115 
51."'66 

54.05 4 
S6.212 
5"0342 
60.11145 
62.525 

611.519 
1'16.610 
68,61'" 
10.603 
72.56/l; 

74.1121< 
1'6.166 
77 .R9) 
79.604 
81.]01 

82.9&11 
... 64.6,,11 

66.109 
87,9,,< 
&9.'5SS 

.. 91.203 

... 9~.eHO 

93.300 
... 92.310 

91,323 

90.331'1 
8Q.)37 
88.3"2 

... 87.)4.11 

.. 86.]114 

.. 650339 
64. ))7 
63. ]29 
62.319 

... 81. Joe 

80.291') 
1Q.77i:J 

- 7!~, ;,;05014 
17.233 
76,208 

750180 
.. 740149 

- 73.111 
72.072 
71.02 7 

.. 69.983 
68,935 
67,IH9 

... 66.824 
6'5.761 

611.693 
6).670 
62.5&2 

.. 61.1167 
60.181.1 

Dec. 31, 1960; Sep. 30, 1961; HotI'. 31, 1963; Dec. 3l, 1971 

Log Kp 

I/oin"l TE 
93,81.0. 
,,9,310 
3Il,l'IO 

36 .~26 
21'.I2S 
22.671 

1".61!19 
17,5'jO 
! 5, 9)S 
14,6r& 
13.665 

12,&)! 
12.131 
11.')]6 
! 1.022 
10.<;7] 

Hl.166 
".792 
9.4S& 
9.157 
o5.81U 

8,6]6 
05,410 
6,201 
8.009 
7,ell 

7,666 
l' .'512 
l' .282 
6.9'H 
6,653 

6.369 
6,101 
5.&51 
S,b11 
5,.192 

S,l1!l1 
4,982 
_.793 
11,613 
1,44(1 

_.280 
.0.125 
),971' 
3.8]6 
3.701 

3.572 
3.41.18 
3.329 
J.21 '5 
1.105 

2.999 
2.897 
2.799 
2.705 
2.6lJ 

2.525 
2.(0139 
2.]')7 

2.271 
2.199 

BERYLLIUM MONOrLUORI'1:lE (Ben (IDEAL GAS) GFW = 28.0106 

Gt'ound State Configuration 2x:+ ltHfo = -l.jl.2 ~ 2 kca1/mol 

Si98.15 49.149! 0.01 gibbs/mol ltEfi9B .15 -lIO.6 2 kcal/ool 

Electronic Levels .and Quant:um Weights 

Heat of Format-ion 

• < . 

-1 
~,-=-~ ~ 

1265.9 cm- 1 

0.0 

33180 

lJ9573 

"'eXe 

-1 
~ !l 

501.119 

63915 

'65373 

S.3:' cm- l 

(4J 

[4] 

Be ': 1.lIS£! cm- 1 Pc 0.0176 em- l re 1.361 A 

BeF 

o.\Hf~ is based on thir-d-14w analysis of Kp data fop three gas-phase reactions observed mass spectt'ol1lctric<illy by 

Hildenbrand et a1. (1, 1). Our analysis is sum.":lC!.rized belo.... Also ir.c:luded are data fop heterogeneous rea.ction of Be(c, t) 

with Bef2 (g}, observ(!d with a molecular-flaw-effusion method by Greenbaum et a.l. (}..l. The mutual consistency of the gas

phase results p!'ompt~ us to adopt a weighted aver4ge of -40.6 ~ 2 kcal/mol rather than t-he mean value of -53.1 kC41/rnol 

deriv1!!d f'['om the hetll;!r'ogcnccus reacTion . 

A.nalogous studies of 3eCl(g) gave a s'imilil!' discr-eyancy which ""'.:IS reaffirmed by new transport studies of Gross and 

Le .... in (!:). These authors suggested that transport via (BeCl):? provides a posSible, but inconclusive) explancltion of 

the discrepancy. This explanaTion may also apply to Ber, but ne ... data would be needed to est-ablish this-:' 

The ddopted (JHf· yields DO .= 5.98 ! 0.1 eV which is consis'tent with spectroscopic r~sult5 within their proba.ble 

' .. lncertain'ties (..§). Spectroscopic values <.L ,2) include-S . .? or 6.0!: 0.5 eV (from A211) And 5.3 ~V (fror: X2Z). Rationales 

hose been given (2-,§P for the lowness of the value derived from the grou.nd. state. Recent ca.lculations (11) showed 'that 

the ground-sta:te potential energy curve is consistent with DO :: 5.85 eV. The flow-effusion data (l) yield 6.52 cv. 

lIH"29B.15' kcal/mol 6Sh 6Hfi98.l5 

?~~ Me'thod React~a Range T! K 2nd Law ~ gibbs/mol .kcd/mol 

Eildenbrand (l) Mass Spec:. 

Greenbaum (1) Flow [ff. 

11<58-1609 

1321-J518 

15.9:1:9 

3}. 2J:2 

142J-14li3 -4.1 

1321-1503 -6.7d 

142:3-1 IHI-3 -38. 

1"23-11<43 12.7 

1420-1525 

H70-1615 

97, .tiO 

83.1:6 

2B. 28~2 

29.09!-2 

30.4 .tS 

-7.86:1:2 

-8.7 :!:3 

24.2 :1:3 

84.7 :::3 

80.7 !3 

a A:: Be(g) oj. BeF
2
(g) ... 2BeFCg); 3 ~ B~(g) + Caf{g} ... BeF(g} .. Ca(g); 

C::: Be(g) .. Alrcg) .. BeF{g) .. AHg)j D = 8eF
2

{g) .. Be(c) ... :tBeF(g), 

E :: SeF 2(g) .. Be( t) ... 2Bef(g). 

b 05 ::" aSr-{?nd Law) _ JSr"(3rd I.d;w) • 

!!~~_~ __ G~2i!:ci ty and Er.1:I'Opy 

-1.5.tS.7 -,",1.B6tl.3 

1.5':1:1.5 -ijl.I<6!;1.3 

24. -liO. S !: 1. 7 

-O.B!:2.l -37.46.t3.0 

20. -36.3 t.3.8 

8. -38.9.t3.4 

6.2!1.3 -')2.8 t1.6 

-1 2t3. 7 -53.!.I '!l. 6 

Rotation .... l constan'ts are from a new analYSis of the A-X system by Walker and Barrow (2). Vibration41 constants .!Ire 

those d.erived by Novikov and GUI'vich (:lQ) from data of Tat'evskii ct a1. ClJ), ExciTed states at"e from Novikov and 

Q.lrvich (,hQl. We dssurr.e that the two highest l;>tates dt'e 2rr ""s postUlated by Walker and 'Bat."r.ow (.1:!) frol':'l compilrison .... ith 

qUdntum calculations (12). 
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Lithium Trifluoroberyllate (LiBeF
3

) 

(Crystal) GFW. 72.9464 

------adbbs/mol-----" kcal/mol 
T."K CpO S" -(Ge_H~.,)rr H"-H~DI .H~ oGr LogKp 

0 
10O 
200 
2QI; :;>1,91.15 21.330 21.330 .001 J9l1.~(lO 376.740 276.10;6 

300 22,000 2t.4(o6 21. JjO .041 J94,79i! )16.62 8 274,313 
000 2~ • .lOt) 2/'1..;:0t> n.229 '.)91 )94,663 )70,,)81 ;:02,1079 ;00 2@.000 34.107 2.1i.O?':l 5.041 39S,J 116 ]64.521 1.59.3]2 

.6.0.C!. ____ ~! .!2~P __ __ X·I_,. ~~C __ ._?~ .,J3y. ___ __ J_~'t'!L __ ~ _1!!.t.l.,_6_9.9 ____ -:. ~~~! ~]} ____ J_:t0_'L5_'!?~ 
7013 34.00U 411,"-"1 26.(03 11.211\ .. 39~.99' .. 3'S2.alll 110.0]7 
BOO .)!.OOU 119,"17 ]0,12" 111,791 J9J,'J)J" ,'\116.'569 94,678 
900 40,0013 'LL?I!!l 33,0)6 Ik,t.>.aj ]91.iH)5 .. 3/i10.831 8<.',765 

IO()O Ill.OOO .,8.11'1 3'->,)27 2:2.791" ]QO,jI~ .. J]5.245 73.l68 

1100 
1200 

46,000 
'1<,1,0';0 

62.]57 
66.ldlll 

37.591 
J9,820,/ 

2 7 .24\ ... l6R,~"3 12q~a21 
Jl.991 36".52'5 )111,569 

June 30, 1966; Dec. 31, 1971 

6~,"'29 
')9,112 

BeF3Li 

LITHIuM TRIf'LUOROBERYLLATI: (LiBe: 3) (CRYSTAL) GFW :: 72.9464 

,',Hf~ unknown 

5i98.15 21,33 1 gibbs/mol t..Hfi9f:1.1S -394,8 ,5 ked/mol 

Tm [650 KJ IlHrn$ [5.5] kCdl/mol 

Heat of rorma"t~on 

Interpolation of the calorime't:d,c enthalpies of mixing of Holm dnd Klepp4 (1.) yields O.l'!r- ~ -0,56 !: 0,1 kcal/mol 

for l.iFO) '" Ber2 't) .... LiBcf3(O at 1135 K. Reduction with the estimated JANAf functions yields IlHl:"'- .= -3.07 .!: 1.0 

kcal/mol at 29a,15 K for LiF(c) ~ BefZ(t) - LiBe:r
3
(c), where BeT

2
(t) is 'the supercooled liquid. tJ-1ri9B.1S for the 

l"-~ter reaction may also be c.a.lculat~d -as -1.71 ! 0.'1. kcalfmol from the difference of two calorimetric reactions 

measured by Gross (1). TI:csc results 6t 299.15 !( were .:lHr· .= -1.28 ! 0.12 kcallmol for Lif{e) ~ LiBer
3

(c) ..... 

Li 23eF!j\c) and flHr- -; -5.06 ! 0.05 kcallrnol for 2Linc) -+ Bef
2
(t) - Li

2
Berlj(c)' We a.dop1: the high-temperature results 

of Holm and Kleppa since thc entt'opy must be: calculated by com.l:lination of "Hr- with ilGr- obtained at: high temperoltU:r'f!. 

Heat. Capacity and f:n'tropy 

Cp~ is estimated from Cp· of Li 2 BeF4 (c) mi.nus Cp~ of Liree). Existing information leads to three valu.es for' S~ 

4t 298.15 Kj namely, 21.41 gibbs/mol from llGr o and t.Hr~ for mi:>:ing of molten Lif and Eer
2

, 21.33 gibbs/mol from 

'::Gr~ 0 at 552 K fot' dispropor"tiondtion of Li6eF
3
(c) to Li

2
BeFI.j(c) <'lnd Bef

2
(c), and 21.28 gibbs/Tl'.ol estimated from SQ 

of Lif{e} dna Ber1 {c), We dciop't the inter'mediate valuc but emphasize th4t Si98.15 is much m'.)re. un-certa.in 'than indic6.'\:ed 

by the consistency of 'the three values. There is less unce-:--'t<J.inty in SgOO since i't does not involve large contributions 

from the es-rimdted v.dues of Cpo and i:.Hm~. 

Hi'tch dnd Baes <.;!) reported emf da'td and dctivity coefficients which yield lIGr· -;: -5.91 keal/r:lol ,It' 900 K for 

Lir{.O -I- Be::?(!) .... LiBeF 3 ,tL Combining uGr~ wit'h I.\Hr~ :: -1.05 !<cal/mol derived with jANAf functions fr-om d<l.t:a of 

Holm and Xleppa C).), we obto!l.in ,'Sr- :: !>.I.I and S-CLiBef3, t) -; 5'1."& gibbs/rfoOl, both at 900 K. The corresponding values 

from the adopted tables are l!GI'~ -5.91.1 kca]/mol 4nd Son.ille!"3' l) :: 64.38 gibbs/mol. 

Dispr'oportio:1l11tion Data 

No transi:tions a.re known bct\ole'en room t~!!"pet'at\lre and ~" but LiBeF
3

(c) c\o~s disproportionate into 'i...i
2

BeF
u

{c) 

and Bef2 (high quartz). Disprop0l."'tiona.tion occurs at 553 K according to the latest phose di<'1grams (~, i) or <'11: 

57J K according to Roy et al. (.§-,. The adopted tables yield uGr-6 -; 0 a.t S5Z J<, bu't 'this temperature is very sensitive 

to the v,).lue sc-lected for S~, which in tUI"n depends on the p.stimates of Cp· dnd uHm-. 

Mel't1.ng J?~~A 

See LiBef
3
{t). 
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Lithium Trifluoroberyllate (LiBeF
3

) 

(Liquid) GFW • 72.9464 

--a;ibbs/mol---~ kca!/mol 
T. "K CpO S" -(G~-w_,)rr H"-HQ_ "HI" &Gf" .... Kp 

0 
100 
200 

". 21.9!4~ 26.1>9;:- 2b.69;;' .000 390.#013 - 3711.151 ('74.260 

300 22.00v 2t1.t128 2t>,(9) .U"I 39\1.611 .. 31'4.049 212.495 
'00 25.000 J J. ~".., <!r .S9! 2.]91 j90,476 - ]b8 .s~., 201.363 
500 HI.OOQ 1i2.(JIi!'l 29.661) "019\ ]1.'9,HOR .. 3630154 IS8,734 

J2.J?'i 9.991 JIHI."iII" 351.94" 130')81 
- )';:1 ~,Y - --- -'-J-:791- --:'--jf. T,-2-6-0----,;- i~2 :951)- - --(CO:f96 

17,919 il .... 91 lBo, 0110 348.1)4 95.106 
IiO,ole ?I .)9!. j8~ .R61'l 341.<l6~ 63,GOS 
43.1 9 6 2'50191 383.7?S 33A,92 7 ,& ,0 7 2 

1100 ,".000 rZ.OC9 45 .6~" 2.'1,991 ]82.6 t ~ 334.501 66,11159 
1200 311.000 7';).31" 1<7,990 32.791 ]8\.538 - )30.1 r'l bO.!)) 
1 ]00 3IJ,nQO 76.3':17 ')D •• nO 36,')9\ ]80,490 .. 32<;.936 54,795 
1'100 38.0trO til. 173 ':>2.32) 4n.3Ql 379,47; .. 321.779 50.232 
1500 38,000 B).H') 5':.334 /ill.!91 318,,.8\ .. 317,692 46.288 

1600 Itl,OOIl t\6.2117 '16.,,')3 4 7 .991 31\0,;7(> .. 313.59] "2.6)5 
I roo jtl,llQO 81:1. 5~1 58,0"6 '51.791 /I t /;.?11 .. 301'1012'" 39.613 
tflOO 311.000 90.7;;>3 ')9,1\3<,1 ')5,.,91 413,0["\1 - 301.971 36.6'58 
1900 )1:'.001) 92.77/'1 61.51',/ 'SQ.j9! III \ .A)'5 - ;;>9'),719 3'.01'2 
;10(10 ltl.i)lli) 91.1,727 6).131 6'0191 .. 410.6H - 289.102 31.6'57 

BeF3Li 

lJITHIUM TRIFLUOROBERYLLATE CLiBeF
3

) (LIQUID) Gf',./ 12.9464 

S298 15 [26.692 J gibbs/mol t>Hfi9B IS -= (-390,612] kcallmcl 

TIn :: [550 K 1 ':'Hm~ (6.5J kcal/mol 

Heat of F?_r:'mation 

t.r.f~ is calculated from that of the crysta.l by addition of £lHlI'.e and the difference between (H 650 -

for crYS1:al and liquid. Note that the resul t is based on direct measurements of the en'thalpy of mixing 

L.if and Be:? at 1135 K t.:~). 

He-a!: Cdpacity and Entropy 

.15) 
mol tr:n 

Cp? is estimated on 'the basis of 7.5 gibbs/(g dtOm.) by comparison with the liquid pha.ses of Lif, Be:
2 

and 

A glc\,ss transition is assumed at: LiOO K ,lnci below this temperature Cp" is obtained from that of the crystdl. 

entropy is derived in a :nanner analogous to tha't of i!.Hf~. Note thdt the. resulting vdlue of 5 g00 differ'S by only 

0.08 gibbs/mol fror:l that ba.sed on measuremO!nts of e.HI"1135 (1.) and toGr gOO (1) for mixing of molten LiF and Sef2 · 

Melting Ddtc! 

The composition corresponding to Li3ef
3 

melts incongruently (~), starting with the eu'tec,ic composition of 53 

mole pet'cent Bef
2 

at 636,6 ~ 0.5 K and finishing at d liquidUS temperature ncar 553 K. Just below the r:telting region, 

1:he solid consis,s of an equimolar mixture of L.i2BeY4{c) and Ber, {high qU<lrtz). We arbitrarily adopt 550 K as the 

hypothetical, congruent :!I€lting poinT of me"tas'table L.i.BeFJ. We estimaTe "H",· on the basis of ... Sm o :: 7.0 gibbs/(g atom) 

by comp.arison with Li 2Befl.j' 

~rizd.tion Data 

Hass-spect::-C:'lletric datd (~, ~) for the LiF-BeF
2 

system suggest thdt the vapor cons.i.sts r.'lainly of Bef2 (g), some 

LiBef
3

(gJ,dnd tr-<Lces of other molecules. 
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Oi lithium Tetrafluoroberyllate (Li2BeF4l 

(Crystal) GFW ·98.8838 

CpO 

U •. ~3() 

jl)D }.!.)90 

000 3'::>,96u ,,, 3'1.520 

,o0 43,Oll0 

--gibbsJmol---~ kOlllJmol----~ 

SQ -(GQ-w-.){r W-W:n. It.Hf'' 

31 .... 11) Jl.21u 

31. 1110 31.?1l 
.Q!.2tr 32. S~4 
(19,624 n.121 

sr. 11.11.1 38. j ,.., 

.000 

.060 
"j./Jr7 

7.25\ 

11,]/t\ 

~ 543.400 

D 543. ]97 
.. ~Q 3. 70 1 
.. 511111,36\ 

ocr 

518.990 

Log Kp 

HO,iI)O 

]77.974 
279,022 
21 9 ,61; 

700 Q n • &~ 0 64. ur; 3 10 1 • J!'I1i I". H(.~ 
6-0-0-- - -s15; ll'.i---~-7o-.-')-t';----iiii:~~?~-- ---;>-,-).7IC-

.. SI.l).IHI3 .. 4<}Q .081 179,969 
~ Slll.nro .. 485,1542 1'.)1.61<6 

900 53,177 1:",6]') 
1000 '5'.)"11.) S?1.of!5 

111'10 t)u,90J Atl.lltl 
1200 folJ,fJel 93. ~ro 
1300 "A,OJ) 9b.I:\71 
lld'JO '1 . .,9~ 104,011] 
1500 7').160 109.10(' 

I.lt .B.Q~ ;0,,911 
"l,O\Y 31.46f 

Sq.!.}7 F.]79 
:>1.!9! 1\ J. 6~ l 
60.200 50.?,Z 
6].1<17 ';>7.253 
b6,Ou] 64.'591 

;. - '541. -, 9-f~- -- -.; -iff: H Y - - - -f fc- .-51- j 
.. ')il.0 ,489 ~ 469.800 ! 1'1' .083 
~ 53~.7?3 .. 462.GJ6 100,976 

- 536.t'!y' 
~ 53<1.2 ..... 
~ ')11.491 
~ 5211, II 30 
.. '52'.1.040 

.. 1I'5,Q.461 

.. 447.t 02 

.. 4)9.949 

.. 433.020 

.. 426.321 

90.294 
al.1l2S 
73.962 
6' .'597 
62.1\5 

BeF
4
Li

2 
DILITHIUM TETRAFWOROBER'fL1..ATE (Li 2Se: Ii) ( CRYSTAL) GF'W 96.8838 

6Hf O :: unknown 

5298.15 3l.U 0.5 gibbs/m.ol lIHfi98.1!> -543.4 1.2 kcal/mol 

T'I:'I 732.7. 0.2 K LlHm~ 10.515'! 0.5 kca.l/mol 

Heat of forma.tion 

Interpolation of the calorim.etric enthalpy of mixing ddta. of Holrr. and Klcppa CJ) yields Mirc -3.7.! 0.1 

xcal/mol for ,Lif{t) + Eef 2 (£) ~ Li 2B(;flj(t) at" 1135 K. Reduction wi:th JANAf fut'lctions yields "Hr- e ::. _4.24 :!: 0.2 

!teal/mol at 298.15 for 7.Lif(c) + Bel
2
(O .... Li2Befl.(c)' where Be!'2(t} is the soper-cooled liquid. Gross (1) stud:icd 

the latter reaction c",lorimetrical1y and obtdined i)Hr~ ::: -5.0$ .!: 0.06 kcalhr.ol d.'! 298.15 K. The difference of 0.8 

kcalhr.ol between the tWO resul'ts is greater than the combined uncertainties but: probably is :lot unreasonable in this 

case. We adopt the high-temperature r-esults of Holm and Kleppa since the ent!"opy must: be calculated by combination 

of tl.H~~ wi'th 6Gr~ obtained d't high temperatures. 

Hed"t Capad ty and En't!"J2Et 

CpO is tdken from the enthalpy study (323-873 K) of Douglas and Pdyne (~). Their' ,sample \<O'RS only 98.6\ pure a.nd 

extensive premelting corr"ctions \,;'et'e necessary above 550 K. Thus, Cp· may be r.tore uncertdir. th<!!.n usual in this 

region. The prernel'ting corrections could dlso bt! dffected by ne .. phase data which s.now ,h.a,:t pure mel'ts 

congruently at a temperature 12~ lower than ass.umed in the premelting analysis. The magnitude of adop'ted. Cpo 

is confirmed. by ddta of Levin:!. et a1. (~) for samples prepared by fusion. 

Hitch dnd BileS (2) reported emf datd and act"ivity coefficients which yield 6Gr'~ -9.33 keal/mol i'l't 900 K fo!" 

2Lif(tl + Bef2 (t) .... Li1Be:~(O. Combining ClGr" with lIHr* :::: -4.19 kcal/Il:ol derived from data of Holrr: and K1eppa (1..>, 
we obtd.in i.lSr

c :::: 5.71 gibbs/mol at 900 K and S~ 31.21 ~ O.S gibbs/mol for L.i1BeFI.(c) at 298.15 K. This cxperir:u:ntal 

entropy ~a.y h~ conpared with 29.B ~ '] gibbs/mol estimated by assuming c.Sr~ :: 0 for- far'r.l.ation from Lif(c) and Bef
2

Cc). 

Transition Ddtd. 

Li
2

Ref 4 has a hcxagon<tl unit cell (space group R3) isotypic ..,ith phcndcite (.§.l. This structure shows no phase 

transitions between roor.:: temperature and Tm <l, ~, 2), but exposure to 'traces of moisture at elevated temperatures 

Cduses decomposition 'to LiF and BeO (2. ~). Heto1stable fo!"ms have been reported (~) but not confirmed or identified.. 

Mcl'ting D.:itd 

New electrochemical measuremen'ts (~) of the liquidus in the Lif-Bef] system show that Li 23cfl.;. melts cong:ruen'tly 

459.1 .!: O.2"C with the eutectic point at 1<5B.9 ! o.2 e C <lnd 32.8 mole percent Bef
2

• The close proximity of the 

eutectic explains previous conflicting reports of incongruent (~) and congruent (~, §) melting. We adopt T'!n :::: 732.2 

0.2 K and derivtl IlHm- ~ 10. SIS kcalhr.ol from the differ-ence in smoothed enthalpies for liQuid and cr'ystal C.V. The. 

uncertd.inty estim.ated for "Hm- emphasizes the nature of the prcmclting corr€ctions. 
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Oi lithium Tetrafluoroberyllate (Li
2

BeF
4

) 

(Liquid) GFW· 98.8838 

____ gibb5/mol ____ 
kcal/mol 

T,"K Cp" S" -(GO-W':DI)/T "O_HO .. aMr' 6CF Log Kp 

0 ,,0 
ii'110 

'" );,330 40.'>I6.1i 140.96l1 .flOO ... ') j'l. 6?~ M'il11012 6 376,1$65 

300 3~. ]90 "1.\6':1 4U.~6~ .01,0 .. 'J3").flZ'i ... 51).9911 374,444 

<00 3').960 ')0.972 42.27t! J.II77 ... 535,4;>9 ... 506 .... 08 216.901 
;00 3'>1.'5;;'0 5v,jl'l,l 4/1.61'5 7.?S2 .. 53(1,609 .. 499.5)6 2\f1 •. 34l' 

bOO 5;.470 69,.92 .. t!.i6! \2.79Q ... ')34,694. ~ 49:1'.301 lf9.3Z0 

-i ~ ~ ---- ~ ~ ~~ ~ -~- ----a ~ i ~ 5----~ ~~-~-~-~- -----~ j: ~ ~ ~ ----:- -~-i-}:-~~} ---;- : ~~~ -~-~-~- ----}] ~ ~ ~ ~ ~ 
yeo ')5,lHv 91 .... !D ':19.172 20.440" ')0'9.169 472.)12 114.b93 

1000 ')5,470 97,027 62.08'11 )4,96'" S:1'7.432 .. A6il-.ose 101,1':163 

1l0O ~S .1170 103.114 00.2(,0 
1200 ')'::l.aJO 107,Ylll 1'>9.51&0 

1300 ')':1.1170 112.381 12.61''' 
\010(1 ')~.HV U6.1I9? r!l.6'i3 
1500 55."'0 120.JI'" 7S.S0l< 

1600 S~." 70 123.899 "1.;>11 
1100 '>'),4 70 P7.?!')! flj.f'1I0 
leoo S~.4?0 130,432 IIb,3<12 
,900 ':1:>,,,70 j33.431 118.7.\12 
7000 ')'),4(0 136.2 7 b 91.048 

2100 ':I!I.4ru llrl,<fil) QJ.267 
noo '>'),4'0 \<01.:'03 1i15.IIOQ 
?300 ">'),470 1111l.IJ?9 Q{. 46~ 

?"oo 5';:..,,7() 1116.390 Q<.I.4,)Q 

1''>00 '>':1.1170 146.e5& 101.3!7 

/I.(I.'jJIl· 

46.0t'1 
51.62 F1 
ST d7~ 
67. r?2 

9",00 .. 
j01.SSt 
10 7 .09~ 
11? ,64') 
11 a 01 112 

52~. 709 
524,021 
')22.364 
521'1.7)1' 

.. 5t0.t 38 

.. 520.)22 

.. ",811.751'1 
- 5t16.741 
.. 58<0. r!l~ 
... 567..75.6 

.. S80,76('1 

.. 57tl.6lf 

.. 57 .. ,I'll:>; 

.. S7li,?26 

.. 51').003 

1971 

.. 460,03' 91. 4 01 

... 454.142 B2.111 

... 448. ]86 75.380 

... 442.756 69,117 

.. 43r,241 63.706 

.. .IIJI.7:>" 58,97S 

.... ,,3.613 '}4,459 

... 41.3.95' SO,261 

... 40!l.41 0 46,5,5 

... 39!1,970 4],160 

... 385,6)4 aO.1ll 
]76.386 37,390 
367.226 )4.6911 
3Sao1s,,, 32.blll 

.. 3 49 .\63 30.~24 

BeF4Li2 

DILITHIUM TETRAFLUOROB£RYLLATE (Li
2

BeF l.i) ( LIQUID) GF'W = 9B .B838 

S299.1.5 40.96" gibbs/mol uHf29S.15:- -535.628 k.cal/mol 

1'm = 732.2 0.2 K llHm" 10.515 0.5 )(c41/mol 

Heat of FOZ'IT..ation 

/JEf" is calculated fI"om th4't of the crysta~ by 4ddition of llHr:t" and the diffeI'ence between (H?32.2 - H29B.1S) 

fo:- crystal and liquid. Not~ that the result is b4sed on direct mE!asur-ement of thE:! enthalpy ot mixing of molten 

Lif <lnd Bef
2 

at 113~ K <.p . 

Heat Capacity and Entropy 

The constant Cp· is deroived ft-om enthalpy dat<t (71.:3-873 K) of Dou~las and Payne (2). A glass transition is 

assumed a"t 500 K and below this temperature Cp· is obtait.ed from that of the crystal. The entropy is derived in a 

manner analogous to that of ,:.Hf 9
• Note that the result is tJdsed on measurements of uHI'l13S (]) and aGr gOO (~.> for' 

mixing of molten UF and Ber 2' 

Melt:;,ng D4ta 

See Li 28e:F .. {el. 

Vd.po::'i:ta.tion Data 

Mass spectra of vapor .:!ffusing frott twin-cru;;ible Knudsen cells (::.) suggest that 'the vapor consists of BeF 2 , 

LiBef 3 and trdces of other molecules • 
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Beryll ium Oxide. 

(Crvstal) 

Alpha (o<-BeO) 

GFW· 25.0116 

----glbbs/d1Ol---_ kcal/mol----_ 
T. "K 

o 
100 
'00 
,oa 

,00 
400 
>00 

600 
700 
.00 
000 

1000 

1100 
1200 
1300 
IliOO 
1500 

1600 
1700 
1600 
1900 
,o00 

Cp~ S" -(G~-w .. lI;)rr HG-H"ne AUf" 

,OilO 
,6.\0 

3,)(1. 
6.109 

O,t5) 
6,070 
':iI.3 0 1 

10.101'11 
lU.7to9 
11.1 ~o 
11.1198 
11.7116 

12,O!? 
1l.2l1e 
12.811) 
12,6?2 
12,7.1)6 

12.9Q:; 
13.095 
Il"?'9 
13.3'1'6 
13.513 

,000 
.197 

1.401 
3.29 1 

3.3t'9 
5.381 
7.3?4 

9.091 
lO,71"lQ 
1'.16 4 
13.498 
'4.1?4 

IS,8'j9 
16.910:. 
17 .9011 
18.83) 
19,109 

20.539 
21.329 
22.0"1 
22.601 
23,a91 

PH'"INITE 
"',935 
3.137 
1.201 

3 • .,91 
],'558 
4.119 

(1.804 
".~)II 
f,.;H2 
1,002 
1.1111 

l'I.aOl 
9.069 
g,71l 

10.])0 
10.926 

1 t .SOl 
1'Z.0'56 
12.59] 
1]01 11 
13.613 

.~"9 

.614 
,.166 
,000 

,(ill 
,1"2 9 

1,60' 

2.'576 
3,,0,1 9 
11.1"13 
'j.'UA 
7,010 

" • .,01 
9. 41 ~ 

10.1'150 
11,9011 
13.17.11 

144,.,83 
1/114, 9~!!o 
111').:10' 

... 1.",1100 

.. 14'5,402 

.. t40;.41 9 
,0'.41'5 

14'5,41:21 
IlI'J,H9 
1·",<')9 
113"1,130 
1'10"\.01 9 

144.912 
144.AIO 
laCl.716 
1131.1.63\ 

.. 11.14.'5'56 

\a7.2.t17 
,.7.079 

.. 141:IIi.OO· 

.. ,alli.7:?' 

.. III",'B' 

e.G,. 

IU.311) 
14 2.862 
t$O.66t 
13"". )9~ 

IJI!l035) 
13".i,91'19 
131.61~ 

t31.2d111 
12e,!91 
12~.'549 
t24,2!!! 
121. 9 00 

119,'HA 
111'.197 
t 1";.008 
112.726 
1I0,G50 

\oe .\(}O 
I05-.6'5~ 
IOl,:i'?1' 
100.80'5 
9".394 

,~oo n..bt'5 21.'~l \11,.099 21.U.J '"' ,'II,.)~') .. 9<;.99'1 
:7200 13.71'5 (1'1,1'<1 1".571 22' • .IIf111 ~ 11l~.11II! .. 9),59['1 
7300 13.90", t'~,li06 15.0,,9 23.~66 .. !11'5.9111~ .. 91.21.3 
;;400- -- - Y4-.-0-:f6 - - --26 :000---- y~f.-III-f3- --- - 25 ~ ;64-- --"--f.'f;fji': - '-;- -n-.-s-:i;----
,,0;00 14,1-';1 26.575 1'5.906 t'6.673'" 1.'5.~27 86.47) 

1600 
?700 
:2800 
('900 
)000 

HOO 
3;?00 
)JOO 
31100 
3'500 

'''.21'111 
t li .19 S 
11.1.510 
1 4 .6]'5 
14 ,7!>1I 

po.8 7 2 
14.990 
15.1(17 
15.223 
I~. 339 

27.1 ]) 
27.6111 
28,200 
28.711 
29.209 

Cl9.695 
)0.1 ,.,9 
30.632 
31.0,ll5 
31.S?S 

16.377 
16.1)1 
P,t.l7 
1'.5?8 
l' .909 

18.281 
16.645 
19.002 
19.350 
19.1192 

Z8 .09~ 
29.'5;?8 
)0.9i'4 
32.431 
33.901 

3'5.3f12 
]/',.117<; 
38. HID 
3Q.IIQ1 
41.4:;''5 

~ 113'5. J09 
.. 140;.067 
.. "1'5."90 
.. 21'5,406 
.. 21 4 ,915 

.. ?! •• ~Ij '5 

.. 213,907 
213.392 
212,1'171 

.. 212.)42 

... U.1!l 
Bl.1l"1) 
7a •. 31'5 
1" l.'O~ 
6B.'5:?,0 

6],6'51 
.. '51'1,793 
... 53.9'54 

49.1)1 
".32'S 

Dec, 31, 1960; Sep't. 30\ 1963; JUl)e 30, 1971 

Loo Kp 

INF"!IjIT( 
31".225 
153.707 
101,041 

100,790 
74,301 
5-8,.0] 

47,B07 
40,;?4, 
].,sn 
30,16. 
26.~HIt 

21,76! 
21.363 
t9.H<; 
11".597 
16.093 

1*,.76t. 
Il.5.!!3 
12.5)3 
11,'595 
10,752 

9,99Cl 
9.(lge 
6,661 

--e~ii90 

T,5'S9 

7.070 
6,6P! 
6.113 
5.'532 
4.992 

a,lIeT 
0lil,015 
3.5n 
3.1'Se 
:1',768 

BERYLLIUM OXIDE, AL.PHA (a-BeQ) ( CRYSTAL) ON "25.0116 BeO 

lIHfO:: -If.I4.6 o.a kcal/mol 

S29B,15 3.291 0.05 gibbs/mol tiHf29 6.l5 -145.4! O.B kC41/mol 

1't 2373 40 K (c;-+p) lIHe 1..57 t. 0.4 kcal/J'(IjQl 

'I'm ::; 1720 ! 30 K (~ ... t) lIHr.:t" [14.13.t 3] keAl/mol 

Tr::t" (26811 K {a"'.o e.Hvt nS.58 l' 3) kca.l/mol 

He,1t of formation 

Pa.rker (1) thoroughly reviewed the dat4 as of 1969 and select'ed -145,4 t 0,8 kC<l.l/mol. This selection has been revised C.V 

'to -1"'-5,1 :1 0,5 kcal/roOl du.e to preliminary results: of nF-solution calori!:',8tr"Y on BeF
2 

(4r.1Orphous) p~rfo:r'med by Kilday et a1. 

Values of ..JHe from Pa.rker's revised analysis (.V .are sUrnJI'larized below. We 4dopt _145.4 .!: 0.8, rather than the revised 

selection, as <I. compromise between the indirect results based on Be(c) and those based on BeF
2

(am). The la:tter depend on flHr for 

Hf(r: H20); use of the JA.~AF value (!:.) in place of ~BS value (1) cC!uses a change of +0.9 kcal/mol in the :results baaed on BeF
2

(am}. 

Direct Determinations of llHfQ Indirect Determinations of u!H· 

kcal/mol 

-136. '.2 

-1310 ,l,. 

-145.3 

-147,3 

-143.1 

Source 

Mielenz; Ii von War"tenber-g (1921) 

HOOse & Patr (1924) 

NeumAnn et al. (19H) 

Roth et a1. (1938) 

Cosgrove fi Snyder (1953) 

kcallmol 

-144.9 

-141.1 

_145.9 ! 2.0 

_lU4.2 1. 5 

_145.7 

-11<6.2, -llJ.5.8, 
-1105.9, -145.7 

_144.9 (-1lJ.5, 6)~, 
-144.5 (-1l!.5.ij) 

Source 

Neumann e"t a1. (1934, 1932), uNc & liEf of Be 3N:z 

SIl'.irnov & Chukreev (1956). Emf da'ta 

Kilday et 4l. (1969), Thomson et a1. {l962)4 

Kilday et a1. (1969). Arrr.strong & Coyle 0965}b 

Kolesov et a1. (1959). Sear [, Turnbull (l965i b 

Kilday e't ",1, (1969) I Bear & Tut'nbull Cl965)b 

Kilday et 05.1. (1971), Churney & Arms'trong (969)c 

d Eel-solution calorimetry of BeO(c) And Be(c). b HF-solution calorimetry of BeO(c) and Be(c). C HF-solution ca1orime'tl"y of 

BeO(c) a.nd Bef2 (am} and uHf- of the l.a:tttlr. d Vi!l.lues in parentheses ba.sed on boNf" of HfCn H
2
0) from NBS (.;P instead of JANAF (!:'). 

Heat C4paci ty and En'tropy 

The adopted Cp. dJ1d S~ below 298 K are taken from f'uru.kawa dod Reilly (JP who measured Cp. from 16 to 310 K. The aut-hors 

give a detailed comparison with the earlier data of Gmelir. (.§.. 5 to 75 K) and Kelley (I, 56 to 292 K). (;rI.elln's results 

devia:te by roughly +20'\ from 15 to 7S K and Kelley's resul'ts deviate by about "'~O' at 56 K, +8\ at 100 K and "'H a't 200 K. 

The deviations of K-elley are :!;H'<lb4b1y du('. to t.he sensitivity limit of his ca;'c!'ime'ter· and 1:0 non-standard-sta:te effects of finely 

powdered SeO. 

The adopted Cp. above 298 K is frorn .! curve fit of enthalpy data of Vic 'tor and Douglas C§.. 323 to 1173 K) and Conway and 

Hein (~, 2161 to 2365 K) constraintod t:o join smoothly with the Cp. data (~). H.axill'.um deviat:ions from the adopted enthalpies are 

O.S\ (~). 0.13\ (!) abo .... e. 313 K and 0,9\ (~) at J2J X. Devia.tions of other enthalpy data include ~2.H (!.Q, 1142 to 2697 K), 

-18 ~ 8\ (lJ" 2273 to 2523 K), -2.0 ! 0.8\ <11., LiOO to 1100 K), and "O.Li to -O.H <11. 363 to 1127 K). ep8 data from the 

cooling-rate method (~) deviate by less than 2\ <l300 to 1600 K) but are up to H lower near 2000 K. 

Tra.nsition Data See BeO( ~, c). 

Melting Data See BeOCt). 
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2. V. B. Parker, J, Res. Natl. Bur. Std., to be published. 
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Bery I I i urn Oxide. Beta (f;-BeO) 

(Crvsta I ) GFW . 25.0115 

~---gibbs/mo!---_ kcaVmol 
T. "K CpO s· -(G Q -H"1l!I$){f H"-H"'!II$ >I.l" ocr 

0 
100 ,00 ,,, 0.109 3.953 3.953 ,/')00 14 ~ ,1'130 .. 137,023 

loa e.,I'B 3.991 3.9S3 ,011 .. 1/13.''32 .. 136.<161 

••• 0,01'0 6,0113 4.219 .1i!9 .. 143,909 IH.6e) 
500 9, )01 r ,9&5 4.nH 1.602 tlll. 9 O'!! 132.316 

600 10,1 ?4 9.7')8 5. 46~ 2.'516 .. 111),1'1'51 130.07. , .. to,709 1I.3t'15 6.19') 3 .... 19 .. i fl l. 7 69 iC'7.Te. 

'.0 1l.1"iO 12.e2S 6,914 a.7t 1 .. 11l.l.669 .. 125.'508 

"0 11,4 0 6 1.t1 .159 7,664 5.1'\46 11I3.S60 .. 123."l1li 
1000 11.11'16 15.31\6 6.376 '/',010 t43,U9 120.99? 

1100 12.03? 16,'5'1 9,065 8.?Ql 1 1 3,3112 116. ]OJ! 

I ~OO 12.2&8 t l,sr7 9,731 9.416 143,210 116.5'1 
ilOO 12.4113 16.563- 10.)'1') 10 .... '50 t 4 3.1116 11".291'1 
101\00 12.6;l'2 19,£94 10,992 11 ,0001 14l,Obi 112,Oel 
1')00 12.71'18 20.371 11,55& 13.1701 142,9&6 109,87] 

HOO 12.'945 21.,,1')1 12.163 111,0161 14'5,617 .. t01.S!!9 
1700 13.(195 21.990 12.na 15,71'>3 1·.".0:;09 ... 10'5.213 
1 ~OO t3.219 2<,.743 13,:-'511 p.oeo 14"'.334 .. 102.8.,1 
1900 13.37e 23,Q63 1-3.17) 18.lItt 14'i.1511 100,1192 
('(100 U,'5!3 24.t '52 14, 27~ 19,7'}<; 1. 4 • 9 67 · ge.t I.e 

2100 13.6I1S 2£.('\15 14 ,161 210113 .. t. 4 • 1 1'5 9"1,811 
noo 13.7'1"5 '2~, loiS2 15.732 (2.48/1 1011.";7.11 93.lIell 
2)00 13.902 26,068 1'5.690 23 • .1168 l/ili .175 91.16"1 
,.00 IIIi.O:tR 26,662 16,13'5 2'5.'64 .. IC4.i6e ee,e'!i4 
2';.00 14,t~1 21.:?3 1 16.'568 26.67] .. lQ],957 · e6.557 

2~OO }4,21"4 '27,194 16.969 28.00'5 14],1)9 1!4 .26] 

~ijg~-- --:-:~~~-~----~~-:~~i-----:-;-:n~---- ~b~~~-~- -: -}a;lH---~ --~~:;}~ 
2900 14.635 29,)1] 18.H!9 32.431 213.836 13.1')6 
]000 14,7,)4 29.1511 1&.51'0 ]).901 .. 213.]45 68.9)3 

)100 111,8"2 30,351 1~.943 3'!1,182 .. 212.1!1115 · 64.132 
3200 111,990 30,831 19,31')7 36.Ar5 .. 212.337 59.340 
3]00 1 ~,lor 31,294 19,(6) 3R.HO .. 211.822 54.568 
J400 15-.223 3t,746 ?O,012 39.891' :?11.301 - 49.811 
)~OO 1~.l39 )('.18 9 20, )5" 4t ,425 .. 210.172 · 45.071 

June 30, 1971 

Log Kp 

100, 84 1 

99,791 
n.se'/' 
57.861 

'IT .319 
)9,896 
)11.287 
19,926 
26,44) 

23.59. 
21.221 
19.215 
17 .1197 
16.00e 

III .696 
13,526 
12,1181 
1 t .5'}9 
to.725 

9,971 
9,287 
8.663 
8,091 
7,567 

'I" ,083 
6.636 
-,;n~ 

5,S'S! 
S.022 

4,521 
4.05) 
3.614 
3.20:1' 
2.81* 

BERYLLIl.IM OXIDE, aETA (~-BeO) (CRYSTAL) GFW :: 25.0116 

Si98.1S': [3.953) gibbs/mol lIHf 29B .:;'5 [-143.83] kCd.l/Jr.ol 

Tt: '" 2373 40 K (o. .... ~) lIH't~ 1.57 '!: 0.4 kcalhnol 

Tr:l :: 2720 30 K (~ ... t) oHm" [11.1..13!: 3] kcal/l':'lo] 

Heat of Form.-rtion 

IIHf c is obtained from tho:t of BeQ (a, c) by addition of llHt b
, since the difference of (H2373-H29S) for 

Cl._ and ~-phases is zero according 'to 'the .adopted functions. 

Hea t Capacity a..'1d En tropy 

BeD 

Cp~ is taken to be the same as that of E(!O(cr, c). Enthdlpy data for ~-EeO (J) extend from 2377 to 2501 K, a range 

too sho!'t: for Obtaining an .accurate Cpo curve. The en"thalpy data deviate from the adopted functions by -O.S to ~l.Ot. 

Other enthalpy data (Z, }.) show no obvious transition to ~-B€O; this suggests that exp<erirntlnt<':Ll uncertainties mdsked 

'the 'transition or that these samples failed to transform. S" is obtained in a rIl.anner analogous to that of ilHf-, 

Trans i tior! Data 

S'tudies of X-ray difJrac"tion (:!-§.J, optical properties (§.. 1', thermal expansion (1, i', thermal analysis (il.-l:..!.J, 
enthalpy <;), and cecrepitation of single crystab (..§., ~, 11) indlcdte 'the exis'tcncc of a reversible 'transi'tion near 

2l00c C• p-BeO is 'tetragonal (~), while a-BeO is hexagonal close packed q,l,~). The transition on cooling usually occur's 

abou't 50· below 'that on h-Ba'ting (§., 1, Q). Thtl observed ternpe::a'tures depend on the !;;ample <.§), probably due to effects 

of irnpuri'ties and differences in size and sinter-ing of t:he pdrticles_ Reported values of Tt on l'.ea'ting include 

2100 .!: 10"C (1), 2095~C '.il, 2050-2100°C (.§.), 2100-2250"C <.§), 2144 :!: 40°C <1.V, and 2050 !. 25~C <.~). Reported valucs of 

,jHt C include 1. 35 ~ 0.1 <1>, 1.25 .! O. 2S <'dJ), and 0.95 .! 0.3 kcal/rool (lQ), the latter two derived from "therma.l analysis. 

Wc adopt Tt: :: 2100 !: 40~C and derive .lHt C 
:: 1.57 .! 0.1f kcal/mol from the enthalpy dat:a for ~-BeO (1,) and the JANAF Cp" 

fot' c:-BeO. 

Mel"ting Cdtd. 

See BeOC t) 
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Beryll ium Oxide (BeD) 

T, "K 

o 
100 
200 

'" 
)00 
• 00 
,00 

600 
'00 
'00 
900 

1000 

1100 
1<°0 
1300 
1 aoO 
1')00 

1600 
1700 
1800 
1900 
2000 

210(\ 
noD 
lI300 
?JJQO 
2500 

:-1\00 
2700 
290"(f-
2900 
]000 

3100 
)<,00 
nOD 
).1100 
3'jOO 

)600 
)700 
)600 
3900 
4000 

Ilj0C 
11700 
11)00 
lIilOO 
4'500 

4600 
11,700 
&600 
11900 
".iOOO 

GF:~ - 25.0 I J 6 

Kibbs/mol---~ kcallmoJ----~ 

CpO S~ -(G"-H"3Q)/T W-H°"" 6Hr ,Gr' 

6.10." 

e,I") 
~ ,07(1 
9,301 

1\'),124 
10,7(1<;1 
I j. 1'50 
11,498 
11,71'.6 

12.0'7 
12. ?I.l~ 
\2,/iQ3 
12,6?2 
12,760 

1l,94'j 
13.09'; 
13,7]9 
13,]78 
1'),000 

1':),01)0 
l'},OOO 
l'J,OOO 
I~,ono 

t'J,ono 

8.7a5 

~ .1fl.l 
10,835 
IZ.T,..13 

\4.5"'1 
16.156 
ll,618 
l!,.9':i'? 
<'0.176 

'1.313 
72.]70 
23. 3"i1:! 
?c.2f1,l 
?5.163 

''5.9<')1:1 
'6.PI] 
n.'51S 
78.25'.) 
;H~ .071:1 

I'9.7o;e. 
10.1J,)4 
31.1?1 
H ,l"i 9 

J?,372 

5.1Ii~ 

1'l,'/'1l5 

9,012 
9.'V 3 

10. :?~8 
10.968 
fl. r?7 
1:t".4S6 
13.168 

13,S,)1 
IIl.S'!3 
15.1 65 
15.1 A4 
t 6 .360 

19,,)bl 
;:>0,0,,"0 
?O.5 IH 
2°,901) 
21.1107 

l~.ono 3?960 <'1.80'10 
l~.OOO D.'),.6 n.263 

-C5 :006 - - - - n~ OTY - ---;;1;61'S ---
15,000 Ja.5Q8 2'3.0'1'7 
t'j ,000 ~'5 ,t06 2'3.11.1;9 

t;.OOO 
15,000 
1:l.OoO 
1">,OOQ 
15.000 

1'},OOO 
15,000 
I~ ,000 
15.000 
.!~, 01)0 

15.01)0 
15.000 
\5.0no 
1">,000 
1;.01)0 

1':1,01)0 
1'),000 
!'),Ooo 
15.0111,) 
IS.DOu 

~5. 5Q8 
16 ,071:1 
36.'D6 
'6.9"4 
]7 .411.1 

37 ,841 
JeI,7'i2 
:HI.65(, 
j9.04( 
-19,1);>.2 

]9,792 
40.1,,3 
CO, 50~ 
l.In.8'31 
QI.IM 

'11.51 6 
41.8111 
42.1,,6 
4?:.466 
II?7/1,9 

23,653 
2 4 ,727 
;:>4,'59) 
24.9'31 
2'5.301 

20;.";44 
25.979 
2'6. JIH 
26,61'9 
26,944 

2 7 ,2';3 
2 7 ,")56 
27,Ao;J 
26.1 44 
2'6.00 

28. TIl 
2~ .9" 7 
<,9.2')8 
"II.'S?!:. 
?9,767 

,ODD 

,OIl 
,7(,9 

1.60,:? 

2.",71\ 
).f>\Q 
4,7!J 
".1'11:1", 
1',010 

fII.21)1 
~. <116 

\('1, 6~O 
tl,004 
t).1'1'4 

lil:.4f11 
t"j.763 
17 ,nsn 
tR.411 
19.911 

21. a 11 
2:?011 
1'4.1111 
25 ,ql! 
,7,11 It 

')",.(111 
37 ,911 
)0.1111 
40.911 
4? II 11 

4),011 
4';'41 t 
41\.°11 
II. A ,411 
49. 0 !1 

')1. 4 11 
~2, 91! 
';4.1111 
'5'),011 
'57,1111 

'58.911 
60.411 
61. 9 11 
ill.4!1 
64. Ci 11 

00,'59(1 

1)0,596 
nO,67) 
130.670 

131'1.615 
0 11 .';33 
110.4]3 
130.)2" 
130.214 

130 .106 
tJO,OO'5 
1?~ .911 
1?9."?5 
11'9,750 

13?/iII,\ 
117.;:>73 
132.099 
131 • Q lf~ 
131.'H6 

\31.7412 
130.916 
130."97 
131).786 
!i'9.9!3Q 

1:t"').?t7 

11 Q. 71 c 
t17.903 
j 16,106 
1111.,321 
112.549 

nO. reT 
109.036 
107.297 
tOs.",s!'! 
IO.),!?!'! 

10;:O,O?1 
100,1,." 
9A,739 
96.3"2 
94,'jOI 

9;?65S 
90,1I?5 
09.009 
81' ,2011 
8 '!I ,4:;:00 

1:)1.1,668 ... 61.641 
~ pq, 39Q .. e I .fI_1"6 

. ;:-';o(j~l' 7---:'---'-0- ,-0 fj-
199,621 74.694 
199.100 .. 70,)96 

tOA,,,al 
10 1\.066 
191 ."'')6 
1'H,O,)2 
106.';51. 

l Q .... 0')6 
19",':i67 
j9"i,Oac 
1'l4 .6fJ r 
194,!H 

j9J .... 77 
IQ,\.??? 
10 2.7"1'6 
10'.3'40 
lQI.912 

191,C9'5 
1°1,087 
1(111 .... 89 

19 /'}.302 
189.\I2~ 

66,! 17 
6t .85(1 
51.601 
53.369 
49.1S' 

IU,91111 
.. 40.7'S'I 

3 .... '571 
32.IIU 
28.?60 

24,'21 
IQ.991 
1'5.861 
11.760 

7.661 

3.5 1 1 
.S/)9 

Ii .';1'3 
A.6IlS 

12.70.11 

30, 1963; Dec. 31, 1971 

Log Kp 

Qt.766 

91.196 
61" .40) 
')3.1:1'3 

43,606 
36,811 
)! ,Tt9 
27,71'>1 
2'.591 

22,011 
19.858 
18.0Jl 
16. 4 78 
lS.1:?' 

13,93'5 
12,812 
11.928 
11.084 
1 0 .327 

9,64) 
9.0"3 
8 • .11')8 
7,941 
1'.1167 

7,031 
6.627 
6-,16-" 
5.6?9 
5.128 

.,661 
4.224 
3.'!l!S 
3. II JO 
l. 069 

2,7?8 
0'.1107 
2. tOil 
t .816 
1.5u 

1.286 
1.0"0 

,606 
.584 
.372 

,!TO 
II 0 ~Il' 
.209 
.386 
.5')0;, 

BIR':'LLIUM OXIDE (BeO) (LIQUID) GN 0 25.0116 BeD 

Si98 15:: (8.7115J gibbs/mol .)!-If2S8.15 [-130.594J kcal/ll'W)l 

Tm 27'20 30 K {I'l--O !lHm" ::' [14.13 3] kcal/rnol 

'I'm (26811 K (1:1 ... 0 t.Hmo [15.68 31 kcal/mol 

Heat of fOI'-t'ldti.on 

M1f~ is obtained from thCilt of p ·BeC by adding ti.Hm· and t:hl'! di.fferencc of (H;720-H29S) for .6 a..ad liquid phases. 

Heat Cdpaci ty and Entropy 

Cp~ is assumed to be! IS gibbs/mol since enthalpy data fo:!"' the liquid C.!I 1) are inoldequdte for de:-oj'ling Cpo. Thl:! adopted 

value as::;umes th4t the change in Cp. on melting of BeO is similar to that of Lif- Cpo below the assUJ1\ed glass transition a-r 

1900 K is tak<!!n to be 'the S<Une cl.S that of tht! crystal. Tho ent:r'Opy is calcula,t:ed in ... manner' analogous to that of the heat of 

forITldtion . 

Mel ting Ddta 

four new mel ting-point detel'mi:-'d'tions ndvc become ava.ilable since the revie:.r of Schneider" (~). Schneid6r listed six 

values -- 2'110, 24::2, 2508, 2557, 2::70 and 2573°C -- which extend over a rather wide ra.\'ge. Re!ce!nt determinations include 

21>30!: 10·C (::l. 24ljl~ : 30
Q

C (~), 2547 ~ 9°C (J), 2450 ! 30 dnd 2470 ~ 20"C: (.§); these may be compared with 2452~C from the 

most recent (2) of the earlier studies reviewed by Schneider, The highest mel ting-poin't values aI'e :;upported only by Kandyba 

et a1. (1), whose result is very poorly dOCul:I':.'nted. The weight: of ev'idence supports a lowe!, value, so we adopt 24~7 ~ 30°C Or' 

2720 ~ 30 K. 

The enthalpy ddta (1, 1) and crystal-liquid. phase data fer binary syste:ns (?, ~-.l2) bO"th appear to be inadequa.te fo::

calculation of an accurate 6HmQ. Tbis is not stJrprising since 'the mol ten oxide prl3se:l.'ts m.any experimental difficulties including 

volatiliza-rion, corrosion of con't:ainers, gross nonideality of melts and problems in the determination of both 'tempera.ture d11d 

melting. 

Our approximate uHm- is deriv~d from the enthalpy data but 'tn.e int~rpr'e-ta'tion is complicated by unce:t"'taintie~ in temperature. 

in the degree of melting, and in 'the phases existing below the melting point and after the drop. The er.thalpy data (1.. 1) showed 

no obvious transition 'to ~-BeO iLrtd the phas"" resulting from molten BeO was not identified. Both studies NcpoMed 'three points 

in the liquid region, but "those of Kandyba et a1. (,;) were described as "partially melted" (two points were 6 keal/mol low'::!!' thiLrt 

thE! third). The 'temperature scaleS of both enthalpy stud'ies correspond to "I'm :c 2820 K rather than th~ adopted value of :27:20 K. 

Enth ... lpy data for the crystal extend no higher t:han 2697 K and the dd1.4 from one study (?J are 2 to 5 kcal/mol lowel" than those 

of the other study (l) in 't.his re.gion. On 'the positive side are the folIC-wing. Assuming that: the liquid drops to a-BeO, >.>e 

calculdt<:! a~Pdrent values of ':'Hmo(a-BeO) of 15.4 {!), 14.6, 1';,.8, and 16.9 kCa1/rnol (.?.l based on JANAf enthalpies of the crystal. 

The agreement is encouraging. Since the !'e~ulting 85m· is comparable to 'that of Li F, we can probably elintinate glass forr.lation 

as a possibility, This is cOJ1~i5teJ1t with the ooserv,l'Cion (!lJ that 'the quenched saTl'l.pI~ was "a fi.ne mic!'oQrys'ta11ine fused 

powder in cantras't 1:0 the solid rod used initially." 

We se1e.ct "" !:I.edian value of 15.7 kca1/mol ar'.d suberact Il.Ht D in order to obtain !lH;nD(~ ... t) '" 14.13 kcallmol. This value is 

arbitrarily assigned to Tm ra'th~r than to 2B2Q K. The uncel:"tain'ty in ",HmO is es'timated as 3 kca1/oo1 due to con'tributions from 

the t"emperdture SCd1e 4ll.d lack of iden'tification of the solid phase. finally, we calCUlate Tm(o .... O as the temperdture at which 

:lGrQ := 0 fol' BeO{a)-B~O{ t). ClJ-lmo{a+t} is the corresponding difference in oHfG at Tm(a-.o. MgO could provide a comparison for 

confirmation of wSm~, but: unfortunately 1m and ilHm o uppedr to be even more uncertain for HgO thilD for BeC. 

V"lporization Data 

The vapor' over BeO is composed mainly Qf trlmCI', te'trarner <lnd individual atoms. along with minor amounts of sevet'al ot:her 

molecules. See BeO(g) for details. 
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Cuprous Cyanide (CuCN) 

(Crystal) GFW . 89.5578 

____ gibbs/mol ____ kcal/mol 
T. "K CpO S" -(GO-Wue)/f W-H":tn &HI" 6GI" Log Kp 

0 .000 .aoo [f'o·j"lIT( ;J.1'I~1 n.102 27.302 I "'f"i Ni T[ 
100 ".422 !:I.tll? 3l.94'5 ::>,4\) 2?;?50 .. :;. ~)38 51.-Q 4 2 
l00 1£."44 If-.OSI n.78b ,.]40 2?i!1' 21.1 .17'; 27 ,(7) 

29f\ 1 .... 51;:) 21.~ll 0'1.:'11 .000 2;>.700 2S.1514 \e.966 

300 11.I.,,6~ 21,60(' 21.511 .077 21'.70'" 25.",9] 18. &6] 
'00 1~. '150 '-Ii. 03~ n.10~ , • ') 7t ;>l.OSI"> 21'>.90] 14,6,9 
;00 lb. 19 ..... (9,687 23.26'1 J.:?09 23,1.110 27,0'124 12.162 

600 II, ,,1)0 J2.tJll 24,605 .... 92] 23.1'57 215.614.. 10.1145 
J}~~ ____ !~.l.9JY __ 
liDO l~.b':oO 

l~.~5~ 2.'>,971 1!>.70] ;lQd02 29.661... 9.200 
- -fa-;ooi; -- --;; 7~3JO-------P,- .-54Q - - -- - -2"Q-.'45-2- - - -- - -30 ~20~-- -;,-- --S-.--i5i 

900 1Y.1>10 215,tV'2 10,4]2 ;?/,i.Btl ]0.907 7.505 
101')0 1"',1'0110 29,90:' 1?.)15 2'5.!83 H.'5611 .. 6,898 

Dec. 31, 1971 

CCuN 

CUPROUS CYAN1DE (eueN) (CRYSTAL) GFW ~ 89,5578 

6Hf O :: 22.3 0.5 kC41/rn01 

5;96.15 n.51 0.06 gibbs/mol ll.Hf296.1S 22 ~ 0.5 kcal/mol 

Tm :: 7i1.6 K Gf!~l1· 3! 1 kcal/mol 

He4t of formation 

Taylor, Brown a.nd Taylor (d,) deter'mined by solution calorime'tI')' the he4t of reaction, £lHr 298 :: -13 ,437 ~ 100 cCll/:::tol 

for NaCN(c) "" O.5Cu
2
0(c) -4- O.5H

2
0(O ... CuCN(cJ "" NaOH(l2B.5 H

2
0) whicl'. leads to GHf 29S (CuCIIl, c) :: 22.70! 0.5 kcaJ/l!I.ol 

using auxiliary data: ll.liti9B(NaCN, c) :: -21.68 :! O.J kcal/mol <I>, uHf 29S {Cu 2 0, c) :: _40.7 : 0.5 kcal/ll'rOl (~). 

llHf
298

CH
2
0, l.) :: -6B.31S kcd/mol (~) 4nd L!.Hfi9S(NaOH ' 128.5 H20, aq) :: -lJ2.321 kCoill/mQl (~). 

Heat Capacity 4nd Entropy 

The heat capacity of CuCN(c) has been measured 4diab4tically over the ter.'lperature range from 8 to 402 K by Taylor, 

Brown and Taylor (l). The smooth Cp values are adopted in "the 'tabulation. The value of S;96 is calculated from the Cp 

dat4 a.nd is based on an extrapolation of Sa = O.10t< eu. They also found an anoma.ly in the heat c~p.!I.city at 300 K 

which is considered as a second order pha.r.e tr'4nsition. Heat capacities above 402 K are estimated by extl"apolation of 

the J:lealiul"ed Cp d4ti'!.. 

Mel tina Data 

The ~elting point 7~6 K was determined by Truthe (~). The heat of melting is calcula.ted from the phase diagram 

studies of KeN - CuCN dnd NaCN - CuCN report:ed by Truthe (§). 
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CARBml HONOfLUORIDE UNIPOSITIV[ TON <cr+) (IDEAL GAS) Gr,.; ~ 31. 009 CF+ 

Ground State Configura:tion .. z t1HfO -= 272. 1 5'- 1.2 kcallmo1 

5298 .
15 

t {'lB.13 0,5J gibbs/mol lIHfi9815 274.72 1.2 ke:al/l:lo1 

Electronic Levels and Quantum ~eights 
-1 
~ State 

~ 
~ 

a 3n [35000] 

{USO] cm- 1 
(,oJeXe -= [11.6] cm- l cr::: 1 

Be (1.4361] Ctr,-l ne = (0.0193J cm- 1 
Te :: (1.263] A 

Heat of Formation 

The:-oe have been no direct determinations of the ionization potenti ... 1 but Johns And Barrow (.!) ha .... e calculated a value 

by 4ssuming the 32~" st.!1te of cr to.be the first of <5. Rydberg series. They report an ioni;:a'tion potential of 8.91 eV 

(205.464 keal) which yields lIHfO{Cf , g) :; 265.6 ! 10 kC<5.1/mo1. An identical value has been calculated by C4rro11 and 

Gr-enn<Ul (1) who 65sumed the A
2

r.+- sta'tc: of Cf to bc the start of a Rydberg series and estimated 'the termination. by 

compar<ison with 'the s&ne series in N
2

, CO and NO. 

Dibeler dIld Liston (~) have measured 'the photoioniz<ltion onset: of the process 

fCN .. hI! ... cr' +- N .. e ilHO':: 377.03 kedl 

Using JANAF auxiliary data <.~) we, obt:ain ilHfc,{Cr+, g) :: 273.0 .!' 1.1 kcallmol. 

Walter et a.l. (~) have. observed the photoi.onization onset of the process 

C2 rio .. hv ... CF ... cr 3 ... e 6Ho 317.306 t 0.23 kca1 

The JA,.l.lAf val~es (~) fo!" C2 t 4 and Cf 3 arc consistent since they are both derived from the Sdme simultaneous solution) 'they 

yield ,jHf';(Cf , g) = 272.45'+ !' 1.2 kCdl/mol, which is adopte.d. This correspond.s to an ionization potential of 212.328 kcal 
(9.21 eV), 

Heat ~';p'acity and Entropy 

Spectra reported in the literature, Verrna (.2,), ""~re later shown to belong to Sf by Verma (,§). We estimated the 

molecular constants by comparison with eFCg) and Br{g) <.~). The 3n elec.tronic level was estimated by comparison with 

A1CHg) (1). The enthalpy be't' .... ccn O~ anc 29S.1S-K is 2.072 kcal/mol. 
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Carbon Difluoride Unipositive Ion (CF
2

+) 

( I dea I Gas) GFW ~ 50.0074 

----gibb5/rnol---_ ~--__ k<alj ... ,----_ 

T,OK 

'00 
"00 
;00 

600 
roo 
6" 
"00 

1000 

11 00 
1200 
\300 
1400 
1500 

1(:>00 
PM 
1000 
! 0,100 
?uOO 

;;:600 
2i'uo 
2000 
2<;lOO 
]000 

3100 
3200 
3JOO 
lellQ 

J~OO 

)600 
FOO 
Jl1uU 
J'"OO 
lIuOO 

11100 
lI;!fJO 
II]()Q 

111;00 

4')00 

1l6uO 
Q7()O 
4600 
4900 
"'o!J00 

'j 100 
'i200 
'DOO 
'5400 
"1500 

56UO 

'1'00 
'lHOO 
5900 
~UOO 

Cp" s~ -(G~-W'ae.}rr 

\1.262 

'1.2r9 
lu.1 11 ) 
IU.9;0 

Il.563 
1%.07<1 
1.::.3 r 5 
li.6 11 ? 
I ~ .81J~ 

\.1.011 
\ JoI'I(.. 

\J,2 4 " 
1;.37"" 
I j, ]99 

IJ.4'i1:l 
1;,,)07 
1.).5"iu 
1.).5116 
lJ.61<,1 

iJ,l'tltb 
1J.1'I74 
1.1,6 9 \1 
1.1.772 
lJ.(44 

1;.7t16 
lJ,rP.b 
!J.,,09 
\j,h31 

IJ.f'I"3 

1 j./:I7~ 
l-J,tloo 
\ J.Q?l. 
1.1, 9a~ 
1J,Y"'''' 

1-,.9 0 j 

III.Olel 
14,043 
1'",0,0,,,, 
1",OOll 

''''.l::>!.! 
1 <i.! 4~ 
l/.jolTl 
1' •• 10'" 
1<.1,"0'71 

1".2 4 0 
1<',21\ 
\" .29~ 
1".3)." 
1".342 

1'1. 3~') 

1<1. 3~1:< 
i".,fl'>' 
1 4 ./;,)1 

1'i.4"1 

1Q ,&l11 
\II.1.I9u 
111.5011 
14. ')7 ~ 
I", ~Q.4 

sa.95;? 

59,010 
61.805 
6l.l-16) 

60.21 r 
M,O)5 
69.665 
7t,139 
72.482 

7 3. 7t ~ 
lll.bS., 
l'S.901S 
76.69) 
77.615 

76.68;;, 
79.499 
11.0,272 
rq.01l6 
Al.lfl4 

8;:>.369 
1:1].005 
1\3.613 
11,11.196 
114.7." 

I3S.2'ill 
1'.5.1116 
~6. J 1 e 
~«, ,15(13. 

P.7.,,72 

87.7'27 
1'o8.16tl 
!',P,.":.'H. 
A9,Ol2 
AQ,.Ill6 

1'19.1110 
90,j9/l 
90.Setl 
~0.9J3 

91.290 

~ 1,638 
9].979 
~2d12 
9?63d 
Q2. Qo;,7 

93.<.>70 
93.577 
93.b77 
q ~ .! 12 
94.1162 

9l!.7.Q6 
9~.025 
Q~, ]00 
95,569 
9'5.63" 

06.095 
96. )51 
Q6.60) 
96.951 
97.096 

')8.952 

5B o 952 
0;9.37.7 
f1(1,De5 

;'0,922 
"'I,tlil 
6;>,611J 
,<,L5'i1 
(),'1,)i"tI 

"'').111 
... .,.931 
;<'(,,6')0 

'<'7,3';5 
61'!,022 

I,fl. 61i I 
1>9.2 7 ,) 
69,805 
70,432 
70,97t! 

71.505 
72,013 
7",504 
7'2.971J 
13. 1I 3'>' 

1 ~,R '!o5 
711,317 
74.737 
1"i 0 tA'.) 

7~" 541 

1'),927 
7 .... ]03 
11.,669 
17 ,07.6 
77,]74 

77 0 714 
7A.u1i6 
711,371 
7A.!<,F.ltI 
7"1,999 

7Q,303 
70,601 
79,1'192 
80,17t1 
1'10,1159 

S0,7 34 
5! .004 
.<11.269 
~~ .5('9 
A 1 ,78~ 

tl7.0JT 
f\??Il'l 
.l'i7,,)27 
fj',766 
11, .001 

11).232 
ill,II60 
1I:t.685 
tQ,906 
AII.124 

H"-w,. 

.000 

,OjT 
,991 

;:0.0119 

3,177 
&loJ'H 
~" 516 
".1129 
11.104 

9.3Y7 
1f),70S 
\? .02"> 
13. 3~4 
14 .1'!90 

21 

22.~ 1 0; 

24011) ! 
2";.549 
2f..92! 
7,fI.294 

29."'69 
H.OII? 
]:?42 7 
B.aC9 
35.19J 

36.580 
37.96 A 
]9. ,0:,9-

40.r,)2 
lI?I"1'! 

"3.')46 
44.041 
46.350 
'17.1)'5 
119, 1~4 

50.514 
'51,951 
'51,/,j03 
54 ,an 
5f>.24'2 

'57.66b 
59,092 
60,')<0 
61,9':.1 
6J.J1S4 

60,111 9 
66.25 1 
67.697 
69.13 9 
70.'S!:!] 

7:,:..029 
73.1:.77 
14.9?7 
76.J7 0 

77 .0'132 

bHl" 

1'2<;,094 

220; ,t02 
~2" .557 
"?". 91'1~ 
77.'" .40\ 
~?tt, "'0 I 
?2 7 019<1 
n?"i79 
n'.9bo 
7;?A.]J.5 
7:;11,701\ 
n(3.011. 
";19.<1,34 
";19,r92 

?J!"!.t 46 
?3n .49'1 
?30,1I"" 
231.IY6 
'?31 .')41 

731.llb/i 
?j;J.::?23 
;;>37.0,61 
?);l,R9! 
?3J.7:tO 

:'33,5,)9 
?]3 .1'I1\~ 

;:>34.71 d 
13'1,S"') 
?]II.lIb"l 

73').11:19 

'3".50'" 
'3.,.1'I2tl 
'30') .1'16 
;;>3"'.1162 

?36, rr 1 
?)7.(J9t 
?3 7 .IiOQ 
?)r.7\/J 
?3" .07:> 

i')a .]]3 
?],o,.6'0 
7)'l.94' 
?39.252 
:.>::,'1.'),)1> 

?)9.",S7 
?40.1::'6 
:?.IIO.q::.f 
')c,':I.1S5 
7111.0.,iJ 

?,n.JII3 
741.1:0]6 
?lil.927 
;.?.c2. ?IS 
::o..2.50U 

?4?7614 

? ~ 3. Do!>') 
:?,Q 3. 3q5 
?,Q 3.622 
?!l1 • .'19':1 

~Gr 

nO.bRO 

720.dS] 
219.366 
217,771 

?16,()f\9 
211i. ])6 

21?~ 31 
?lfl,1!l14 
2l,,1~. 715 

LogKp 

16\.909 

160.tl91 
11 9 • 8 51 
q~.11I7 

7~ ,71 0 
66.919 
')8.()61 
''it. t-.4 
45.6?tI 

41.09'5 
)T.Jl! 
)1i.HI~ 

31.357 

2U6.8 3~ 
204,86"1 
202.t!.t-,I, 
2uo,o]/\ 
IOti.r81l - 78. 9 63 

19 6.70? -
1'014.60;> .. 
t Y2.Q19 
190.]110 .. 
HI~.lfl:? 

;>h.1:I61:1 
;?'l.()Jf' 

23.370 
7.I,d94 
70.564 

- 1'" ,3';6 
l/:$.;)f,O 

1'.256 
- 16. J35 

I ~ • £IS ... 

171> ,893 
172.6]0 
170.3,,6 ... 
16\).01 \ 
16., 0 T T! 

11.':)24 
II.OD" 

- ID.~HI 
ID.U'iS 
9.b7 11 

151.'1] .. 9.214 
11.i9,4()7 0.1'.17.5 
I'" ,0)6 n.li57 
144 ,652 /1,106 
142.;)"'3 7.773 

1)9,1:162 r ,&ISS 
1]1.1.160 - l' .153 
135,01111 6.1!64 
132,6('7 .. 6.588 
\10,\9'" f).J?3 

l':l7 .7611 - 6.0ro 
125.3;:''5 !:l.ti?'" 
122,I:If'? S.':.95 
\20,4)0 S.:Hl 
I IF .910 S. 156 

11'5,497 
113.0)3 
110,560 -
10ll,U75 
105.590 .:1.196 

103.099 
100,599 

91\ ,091 
9'5.,:)9? 
9).07'-' 

4.074 
3.tl57 
J.696 
j. ~III 

). )90 

CARBON DIFLUORIDE UNIPOSITIVE ION (cr
2 

"') (IDEAL GAS) GfW '" 50.0074 
u- + 

2 
Point: Group C

2v 

S29B.15 (56.9:' ~ 0.51 gibbs/mol 

Elec'tI'Onic Levels and QUa.'1'tUl"ll. Wei-.&!t!Ei_ 
1 

~ ~~ ~ 

2Al 

2B• [15000) 

Vibr'&tiona).~uencie5 and Degeneracies 
1 
~ 
(1100) (1) 

(550) el) 

[1400J (1) 

Bond Distanc<;!: C-!"::: (1.32J A 

Bond Angle: F-C-f ': (216 10· 1 

Product of 'thfO Momen1:s of Inertia: IAIBIC:: [5,0688 x 10-. 116 ] g3 emS 

Hea~_r9}::,~~:r:_.i.fLl! 

,',lUO :: 223.5 3.0 icc:alfmo1 

llHf298.1S 225.094 3.0 kcalfmol 

The ionization potential has been reported as 11.7 eV (1),·11.8 eV (21 1) and 11.85 ell (~) from electron impact meaSUN!ments. 

Sinc:¢!: "there may be excess energy involved .. e p::efer the. lowest value, 11.7 t 0.2 eV. This lea.ds to lIHfO(Cf
2
., g) " 226.2:: 6 

kcal/mol using the JANAf r..Hf;<CF 2 , g) := -43.El t 1.5 kca1/mol (~). 

A more pI'ecise. value is available from the photoionization measurements of WaltfO.:"' c"t al. (.§), who rne4sured the photoioniz<'l.tion 

threshold for- the proce.ss 

C2 Fij • hv .... C: 2 "" • CF t oj. e t.HO" 337.'"" 0.9 J<;edl/mol 

Employing JANAf auxiliary heats (~.> .. e ob"tain t.!-If~(Cr/. g) 223.5 3.0 kC.llimol, wh.ich i.s adopt:ed. 

Hea t: C~pacJ. ty __ ~':l_q_kD_·~:r5;'2:i. 

The configuration of Cf 2'" is predicted to be bent by Walsh (2), since it: has 17 electrons, thus, its ground state is 2 AI' oS. 

low lying electronic state is prediC1:ed by andlogy with N0 2 (~). We estimate the angle to be U6 ~ 10', wtlich is larger th4n 

CF2 at lOS·. this is expected from the Walsh correla.tions (2), but smaller. than isoelec:"t!'Onic CO',! - at 127- and N02 at J.31.:°. 

The vibrational fr'?quencies we~ estirn&ted by cot:lparisoo with those for CF
2

, CO
2

- and COf (2) as 1100 ~ 150 em-I, SSO .!: 50 cm- 1 

and 1400 ~ 200 em -..:.. 

The en1:halpy between O· and 298.1S"!( is 2.1.:75 kcal/mol. The individual moments of interia. wct'e I/\ = 7.411.1 x 10-1.,\0 g em 2 , 

IS :: 7.906 x 10-
39 

& cm
2 

and Ie " 8.647 :x 10- 39 g cm2 
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Trifluoromethyl Unipositive Ion (Cre 3 +) 

( I dea I Gas) GFW . 69.0058 

.----gibbs/mol----. -----kcal/mol 
T, "K CpO s· -(GG-H"UIII){f H"-H~_ .HI" 

, 
10' 
20' ". 11.865 60.807 60.807 .000 100.623 

30' 11.900 60.6&1 60.808 .022 100.629 <D, lJ.6i!1 64.519 61.296 1.l0t tOl.004 

'DO 111.916 67.7.0 62.213 2.TH tOt •• 0" 

". 16.002 10.'66 6].112' 4.2BS 101.821 

'" 16.772 13.09. 6 •• 628 5.926 102.262 ... 17.1'2 75.:.\7] 65.811 7.633 102.108 ... 11.793 17.411] 67.008 9.392 1 OJ .163 
1000 18.133 19.336 .ft.!!! 014' 11.189 103.623 

1100 111.]99 lIl.077 69.:24'; 13.016 10".OB6 
1200 18.611 1I2.688 70.299 1".867 104.553 
1)00 16. T81 !!I".le. Tt.ltO 16.731 IOS.015 
11100 t6~920 85.S81 72.280 18.622 10S.ClH 
1500 19.035 86.891 7l.211 20.520 105.91115 

1600 19.00 88.122 14.105 22.428 106 •• 015 
1700 19.210 89.285 7 •• 1164 24.345 106.871 
t8o,O 19.278 90.383 15.790 26.210 107,330 
1900 1I~.ll7 91.429 76.566 28.201 107.790 
2000 1 9 ~ 387 92,·22 T'I'.35] 3001]1 103.241 

2100 19.'30 93.369 16.09. H.07& 1015.T03 
2200 19,1166 96,27. 76.809 ]4 9 023 10'9.155 
2]00 19.502 950140 79.500 )'5,971 109.605 
2$00 19.53t 95.910 &0.169 )1.923 110.0'51 
2500 19.551' 96.768 80.817 )9.577 110.495 

2600 19.5!0 97.536 81.445 101.834 110.9)6 
2700 19.601 96.275 82.055 13.193 111.374 
2&00 19.620 ?6.9Mf. 82.6*1 15.754 111.811 
2900 19.636 99.617 53.223 QT.TI1 112.241 
3000 19.652 100.343 83.152 ,,9.682 112.6&8 

3100 19.665 100.915'1' Bil.J2T 51.6117 l1l.09l 
3200 19.6l'6 101.612 h.8ST 53.615 113.51 " 
3]00 19.689 102.21l1 85.314 55.58J n3.931 
3aOO 19.700 t02,80& 85.&78 57.552 11",311" 
3500 19.709 tOl,J7'I' 86.370 59.323 114.152 

3600 19.71!1 103.932 a&.850 61.494 1150159 
3700 19.726 1° ..... 73 81.319 6].166 U5.560 
3600 19.711/. 10",999 87.77e 65,4)9 115.95e 
3900 19 .740 105,511 88.226 67 ,413 116.351 
.000 19 .7&'1' 106.011 88.66.11 69,]87 116.740 

~ 1100 19,153 106."99 89.093 71,362 n'.uiI .... 4200 19 .'1"58 106.97S 89.51 11 73.338 liT .50!! 
:r HOD 19 .7614 t07 •• 40 89.925 15,314 til' .852 

~ 
UOO 19.168 101.891 90.328 77.291 118.252 
11500 1'.113 108.339 90.72' 79.268 118.619 

n 11600 19.777 108.773 91.111 81.245 ti8.982 ::r &TOO 19.181 109.199 91.1 9 2 83.223 i t9 .liO .. 111800 19.785 109.615 91.865 85.202 11 9 .69. 
f:! U100 19.1'88 110.023 92.231 87.t 80 120.042 

'5000 19.192 110.1123 92.591 &90159 UO.:HI5 

"" ~ 3100 19,795 110.815 92.945 91.138 120.72:3 
5200 19 .198 111.199 93.292 93.tle 121.056 

C 5300 19.800 111.577 93.633 95.098 121.ne 

D 5400 19.80) II t.91iT 93.969 97.078 121.712 

~ 
55DO 19.805 112.ltO 911.299 99.059 122.031 

5600 19 .808 112.661 9'.62' 101.0)9 122.344 
< 5700 H'.8ID I n.Oi! 94.9'" 103.020 122.6!)) 

l!- ~800 19.812 113.362 95.258 105.001 122.95e 
~900 19.8111 113.701 95.56& 106.982 123.256 

!" 6000 19.816 tt4.0H 9S.873 108.964 123.550 

Z Dec. 31, 1971 

!' 

!" 

-0 
'I 

"" 

l>GI" !.oJ< Kp 

tOl.ore 75.558 

t03.0n 75.10,) 
t03.860 · 56.1'46 
to' .526 · 45.688 

105.112 · 35.287 
105.625 12.'ne 
106.07' · 23.918 
t06.46! 25.65. 
t06.8tO · 23.343 

lOT .106 · 21,280 
107.362 · 19 ,553 
t07.576 · 1 B.08~ 
107.75 7 · 16.622 
107 ,90~ · 15.722 

10e.Ot T · 14.734 
10&.IOS tl.698 
108.161 13.133 
10e .ti! · 12.446 
1015.209 t 1.&25 

10!.194 11.2&0 
tOS.15' lO.ru 
10S010' \0.2l'2 
108.029 9,&37 
107.9)' 9,436 

107,823 · 9.01l) 
lOT .69T · e.7tT 
101,552 · e.393-
107.395 · e.ou 
10l'.21· · r .1111 

107.02 7 · 7.545 
I06.e2e · 1.296 
10 6,609 7.060 
106.]64 6.&]8 
10601.5 · 6.628 

10S.8h 6.429 
105.628 6.239 
105,360 - 6.060 
t05,012 - 5,eee 
to., r79 5.725 

10 •• Ql'0 - 5.369 
1000163 - 5.420 
103.8A2 - 3.278 
1°3.511 5.11111 
1030165 5,010 

102.621 4,&85 
102.&66 - 11.765 
102.106 - 4.6.9 
101.737 · 4.53& 
10\.)60 · 4.430 

,00.964 · 1.327 
100.584 · 4.227 
100.1158 i.l31 
99.119 · 4.038 
99.37'1 · 3.919 

96.957 · 3.862 
98.S19 3.778 
9&.110 - J.691 
97.679 3.618 
97.2.2 3.542 

TRIFLUOROMETHYL UNIPOSITTVr: ION (er 3") (IDEAL GAS) GfW 59.0058 

Point: GNUp D3h wHf; 99.8 2.9 kc<.\l/rnol 

S;98.15 60.81 0.4 gibbs/mol uHi;98.15 100.6 2.8 ].:;caJ/mol 

Ground S'td'tC QUdn'tulr1 Weight: ~ 1 

Vibr-d!.!Onal Frequencies and Degeneracies 

Bond Dis'td.nce: C-f =: [1.33] A 

Bond Angle: f-C-f' = [ 120 Q] 

~_L _t:~~~ 

[SB8) 0) 

830 (l) 

[140ll) (2) 

(1.1 SO] (2) 

o = I) 

Pr-odue1. of the Moments of In~rtia: IAIB1C ~ [1.1728 J( 10-l14 1g3 cm 5 

fl".at of format:ion 

+ 
CF 3 

The ionization potential of C!3 has been carefully measured by Lifshitz and Chupk\l (1). They used a. photoioniz<'l'tion 

radica.ls prepdred by heating Cf
3

CH
2

0NO. Becduse of 'the low iDniza'tiol1 cross-section ned!' the threshold 

is very difficult to determine the value ~'j(.1ctly. The dutho!'s conc.:lude that it: is improbable tildt the ionization 

potential differs f!"om 9,25 eV by as much uS 0.2 eV. They choose to accept: a vdlue of 9.25 ! 0.04 eV (213.3 '! 0.9 kcal) 

bdsed on "their interprctc;ltion of "thc re.l:,uldr stI'ucturE': n.ear the 'threshold. In a. lcltcc paper Walter, Lifshit:.:, Chupkd 

dnG Berkowitz (~) use photodissocid'tlve ionization of Cf,1, 

for' C1
3 

of 9.11 t!V. we adopt d medidn \lalue of 9.17"! o~oa 
kca.l/mol (.V giv.:s t.Hf~{cr3+' g) = 99.8 ! 2.1:1 kcal/mo1. 

Cf
3

Cl 'to obtain dD indirect ioniZ,),"tion potential 

! 1.8 kca,1) , which with ,\HfO(Cf
3

, g} = -111.7 ! 1.0 

The above value super-cedes all earl ier values for the ionizd"tion potential of Cf3 which generally were obti:lined 

by elec'tron impact me'thods, which do no't have the energy resolution availa.ble in th-e photoionization 'technique. for 

further details of the older v.ll11CS see references 3, "', 5, 5 and 1, 

t1eat Capacity and Entropy 

The correla."'tion rules proposed by Walsh (~) for AB) molecules indicat€: 'that ~ol~cules wit:h less thdn 25 va.lence 

electrons are planar in 'their ground states. Since BT) is isoelectronic wi"'th !.Ie estimate the vibrational frequencies 

by "tr<lnsfcrring the valence force field from 3r
3 

to -+ This gives 574,1404 and ll80 em-I, howev'.!r 

Lifshi'tz and ChupJw <1.) conclude 'that the 674 frequency is fact at 630 This "'.!tIue is ob'tained from the 

~pacings in the fin.: struc1.ure of the photoionizdtion curve nc<!I' thresholci. Th~y b~lieve that: t:he oU't-of-plane ~o'.:ion 

is most: likely 'to be excic:ec by the tl"'d.nsi'tion f':'Om pyrd:r,idal CF
3 

to plana.r Cf 3 ! thus, they dscribe the 8.30 crn-"· 

spacing to "this motion. We ~dop't tl .... i.s one frequency in pldce of the cdlculdted The bond lengths <ire assumed 

equal to t:hose in Cf
3

. Th>:. individual moments of inertia. are IA=IS ~ 8.37 x c:;/, a.nd IC ~ 16.71< x 10-
39

& em:.? 
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Methy I i dyne Unipositive Ion (CH+ ) 

( I dea I Gas) GFW . 13.01857 

IT~~-- --R;ibbs/mol---_ kcal/mol 
CpO S' -(Go-w.,,)rr H"-tr'SN .lHf' 

I 
0 

,00 
200 ,., 6.q6~ 41.00<1 41.003 .000 J/HI.I\OO 

JOO b,91'1t1 ,q.Oq7 41 1,00", .Ot3 36A,81 ! 
.00 b.Yd.:: 11,3.0'.)3 111,277 .It° 369.1113 
;00 7,023 IIIl.blll 111,794 1.410 369.9111 

600 1.1011 Ii~. 90 1 42.314 :>.116 390.416 
TOO 7.219 41.00~ 42.9")9 2. ~12 390,,,.,2 
,o0 1,]')0 11,7.977 "3.~26 ).561 391.266 
900 ',SOG "tI.8~2 114.0fU ~ .]011 ]91.1')6] 

1000 l.tJ!i~ .. 9.bSO 44.589 ~. 061 397.0'32 

1100 7.1db :,0. Jl'lh II~. 08 j ').tl3] ]9',IIJ5 
1200 '.91\1 5t ,01'19 45.5:>1.1 .... 618 392.-'13 
1 JOO 1:1',039 5j,108 lib, DOl r,4\6 393. I 8T 
1400 0.1111!:! 52.3013 46 .1I3~ 6.22(\ 393.')61 
1500 1!:!,2 1l 1 '52.673 46.11 4 3 Q ,046 393. Q )1 

\600 0,)37 5).QO~ 47.216 9.875 ]94.?97 
1700 o,:q\l "3. 9 j6 4 7. 61 ~ 11) .113 3911.66Q 
1 ISO 0 0,'193 511. ~ OJ 47.9TH t 1 .5SI1 )9.,.029 
IYf)O .:-1,56"; "1I.flOt 41:1. H8 p.etl 19~. lQ/o 

,000 o,6U .,,, • .30\ 46.066 13.270 39".r~8 

?10r) 1j.67d 5S.123 110.99;: 1 4 0135 )9"'.11'0 
?200 II. flO 56.1211 49,307 15.006 396.4&0 
-'300 b.·lft! 56. ~17 ~ \1.6 i 2 1').861 39~.5Q 1 
2400 1I,!:!23 ')o.oQ? 1I'i.901S 1',.761 391.'01) 
2')00 o.lSo:' 'H.2S3 50,195 17.646 397,,),,,8 

;>600 0.0,10011 51,601 SO.473 1".53 4 397,91 ] 
;>700 1"l.9111 51.9]8 ':10.743 19.42' )98.:<,69 
?IIOO 11.976 'JtI,264 51.006 ::,0.J22 39A,624 
.?!>If>O 'i,OO'; ';R.5AO ':Il.262 71.222 39t1.978 
100e 9.0 61 1 ';6.0R6 Sl.Sll 2;'>0124 399.330 

~ 1 00 ~. 0 7 3 o;9.1R] ')1. r5J 23.0)0 399,662 
~200 .... IOJ ,}9.471 51. 990 2J.9)9 1100,033 
DOD ... oil" 59, '')2 5;:.221 2/j .650 400,3B2 
11100 '1.1"'2 60,0;:>5 52,il47 2'.> .765 400,731 
~~OO '1.191 60,291 ')2.61:>7 21'1,663 11101,078 

.11)(\0 ',1.220 60,')50 52.fla2 2' 0<';003 11101,420\ 
HOO ".249 60,eO) '>.3.i'!93 2".527 401."6Q 
HIOO ".2'6 61.1.)':11') ':>.3.299 29,4')3 1102.115 
1901) 'i,lO! 61.291 ':13,5 0 1 .)0.)A2 1102,458 
~ \lOa Y,331 61.';?7 0;.3,699 )1 ,)15 .02.600 

~ 1 00 '1.)61 61./~a ']3,59J n.250 40).\112 
10200 9.39 !S 61.964 '!:!4,OA;: HolM IIOJ.(6) 
4]00 ".1I2!o1 62.206 "4.269 3 11 0129 40],821 
QIIOO '1 .... 61 62,1o?3 ').I!.45l 3';.074 '1011.1 63 
qSOO "',1194 1',2.6]6 '!:I4.61l 3",022 4041.50\ 

4600 .... 527 62.0"''' ')1I.60fl Jo.97) 401.1.1\)9 
l!lOO 9.';6\ 63.0';)0 0;11,91:11 J7 .9'21 40".1 To 
l!I'IOO ~. 596 fi3,2S7 "'5.1 ~! 3"',1118'; 40S.51S 
l!900 .... 6.H 63,450 ')~.]ltI ]Q,l'Ic6 405,3.,3 
'i000 "1,667 6).I:>1i') ')5.1183 40.811 ,,06 01 1I9 

'HOO lI.ro.;l 6J.djT ~~, 64') til. leo 406,525 
noo 9,7 11 1 64.02 ... ':1';.6011 c2.752' 401'l.86} 
..,jOO 9. rrd 64.212 55.961 "3,llfJ 40' .19" 
'j400 .... 611 6111 .JYS 56.116 "". r06 1I0T ,Sl6 
..,,00 0;.6';>0 64 .~l") ')o.ZI'Jt! 115.691 1107,871 

':>600 ~. 69~ 64.15] 50 .111 ~ 46.619 1108,208 
0:,700 ~ .93~ " ... 979 ':>ob.!d,~ 41.670 110.'1.'545 
<;800 '-I. 'iTt. 6S.! 0:2 ')6,711 4-'1.666 4011,1'\51 
,:!YOO I IJ .OI6 6').U) S6.fl55 49.';65 409,2jtl 
e>OOO llJ.O'J7 6S,41j I '::Iob,996 -;0.669 409,'5';') 

Dec. 31, 1971 

.aGt'" LooK. 

3600145 .. 278.6')4 

]60,09\ .. 276.596 
]77,092 .. 206,0)) 
3H.949 163.'''] 

370,70S 1]5,07.9 
36f.HS 1t".703 
]64.004 99,441 
360.572 67,559 
)57.096 76.04] 

J5].SS2 - '0.250 
350.01" - 61.7'iO 
J46.453 5&.2oU 
)42.846 · ')),"'21 
339.211 119,421 

335.548 IiS,C.lII 
)]1.866 42,664 
)260161 39,Ih4 
324.437 )7 .319 
)20.693 35.0l1li 

316,9]2 32.9H] 
313,15° 3t,109 
309.357 29.396 
J05.546 21.&24 
301,718 - 26.316 

297,151 7 25.0)9 
294,022 - 23,799 
290, 1"~ 22.6118 
2IH'>.276 2l.5."1'11 
282.381 20,512 

275.479 19.6)) 
2ill.56Q \fI,752 
270.6)6 P' .923 
26t.,700 · 17 .1'l3 
262.152 · 16,1107 

256,1911 · is.711 
254,626 · 15,052 
?'!lO,&5'5 · 14.1t£"7 
2A6,871 - 13.eH 
242.576 13.270 

2)8.872 12.1]3 
23".8&4 - 12.221 
230.84 11 11.7)J 
?26.816 - tI .266 
222.778 10.ti20 

218.740 10,392 
21".691 9,9:8] 
210.636- 9,~91 
206,513 9.214 
202.501 e,8'jl 

198.420 - 6.50) 
194,337 8.166 
190. Z51 - 7.,145 
166.lS4 ., ,534 
182.051 7.2)4 

171.940 6,944 
113.82] 6.66':1 
169.702 6,395 
16').561 6.133 
161,40112 · 5.881 

CH+ 

METHYLIDYNE UNIPOSITIVr ION (CH+) (IDEAL GAS) GFW ::: 13.01857 

Gr-ound State Qua.ntum Weight OHfO 386.5 0.5 kca1/mol 

5298.15 1<1.00.! O.OS gibbs/T:'.ol C.Hf29S.l5 388,8 0.5 kca.l/mol 

Elt!ct:ronic Levels and Degener-a.cies 

-1 
t i • cm__ ~ 

23596, 9~ 

-. 2885.7 crr,-l ""'eXe = [73J cm- l 

Be 11.1.1776 cm- 1 
Q

e 
::: 0,4917 cm- l re ,3909 

Heat of formation 

Douglas and Herzberg (.!) first observed the spectrum of CH+ and com:11..lded "that DO(Cl·t) = 3.61 -t: 0.22 eV from a 

short extrapolation of the A s"tdte vibrational separa'tions, 'this leads to an ioniza.tion potential of 11.13 !: 0.22 eV. 

Later Douglas c.nd Horton <.~) showed that the basis for- this extrapolation \.Jas incorrec"t anc the v41ue was thus invalidated. 

Herzberg and Johns (~.> then reported a value. for '"the ioniz,.ation potential of CH of 10.54 c.V (24:'.36 keal) which was 

obta.ined frot! the limi't of the Rydberg S1:a::es of CH (see also Herzbe.rg (4»). This value il'. conjunction with the JANAf 

Y41ue for llHf';<CH, g) : 1'+1.178 kcal/mol leads to IlHf~(CH" g) " 385.5 !;-0.5 Kcal/mol and is adopted. 

Hea't Capacity and Entropy 

The mOlecular constan'ts ar-e those reported by Doug14s and Horton (1). The value fo"!;' <.ole is der-ived from the 

observed llG l/2 by dd~ing 2"'e~e' The wexe value is that calcula"ted by Hoore et al. (~) fr-orn db initio vdriational 

cdlcula"tions of the z: Iilld II states. 
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Hydrogen Csocyanate (HNCO) 

(Ideal Gas) GFW - 43.0252 

r .~ ----Kihb8/mol---- -----kcal,fmol----

100 
,00 ". 
'00 
'00 
,o0 

>0' roo 
,,0 

90' 
lC.!tJO 

111)0 
1200 
lJOO 
Hu)O 
1 ~oo 

1600 
Pll{) 
loDO 
1900 
2000 

2100 
2200 
7300 
2.1100 
2'500 

71')00 
2700 
2~QO 

2900 
3000 

3100 
3200 
)300 
]400 
3';100 

)600 
)100 
H~OO 

J90C 
11000 

'nOD 
11200 
I1]UO 
41100 
4500 

~ b00 
4700 
4liOC 
4Y\)O 
50(10 

~IOD 

'i200 
SlOD 
54110 
5500 

~t>OU 

HUC 
5500 
51,11)0 
6000 

CpO S" -(G~-If'_)rr 

.00(; 
, .9Q I; 

.... 140 
Iv,7t15 

1v.793 
1£.1711 
IJ,I'I1 

lJ.9"'U 
14.0;.Q 
\':),20·' 
\::,.703 
]0,136 

11.8?? 
!(I.OO~ 

10.16(' 
lo,)OO! 
lo,lI?e 

10,537 
10.;'J7 
10,7;:>6 
lo,flOI' 
10,97\1 

lo.<,Itl5 
t y. OO~ 
IV,O<;'" 
)'II,1(1\) 

l)l.lSQ 

1'1.t91,) 

''''.''J", 
1'11.26',0 
1'1,301 
1'11,331 

1'!1.J';9 
l'!l. )~II 

1'l.4(j1.l 
1':1,4)(1 

1'1 • .11';1 

1'll.He 
l .... QI\O 

1 y. 'O~ 
1'11.5;:>1 
1'11,')]5 

1 Y .~4"" 
1",.'.)(0,2 

t';l.57::, 
\"'.5f10 
! Y. ~O? 

lY.6?b 

1 .... 635 
1" .611) 

l'l.t'!":> I 
1'1.65<,1 
1"".6;1\6 
III ,67" 
1",.,.,79 

,000 
117.13' 
52.952 
56. lil ll 

56.He 
60 .... 7.:1 
63.094 

65 .56~ 
61,769 
69.767 
71.582 
73.260 

74.&16 
76.(,66 
T7 ,6.28 
7S.901:' 
60.116 

Ih,:!'61 
82.3'7 
63,360 
A4.366 
85.3011 

A6.2tO 
A7.075 
87.905 
e6.7041 
A9.117 J 

90 .21 ~ 
90.9]1 
\/l.t.lZJ 
92.'29) 
Q2,'ilCl 

9).570 
94.160 
911./73 
95.34.':1 
95.901:1 

96.45] 
96.964 
97.)01 
9a.006 
98.1196 

98,971J 
QQ.<llIti 
99.901 

tOO.35, 
100.794 

101 • .,,?· 
1(}1.6/111 
102.056 
102.'16U 
I02.,II5.f1 

103.?'4 
t03.62S 
103.996 
10 •• ]65 
IOQ.726 

IO~.080 
11)5 •• 2& 
105.770 
106.\00 
).06,436 

IHf lNI H. 
~,!,.Jrtl 

~1.84~ 

o;tc..911 

';"',911 
';7. )52 
o;e.22~ 

'>9.?4' 
60.310 
1';1.)611 
6?40. 
6).000 

6/1.H4 
"''i. 30::' 
6",;;>01 
h".Ob" 
67,89/1 

f.1\.6~4 

6().465 
71).?IO 
71'1,92'1 
11.6?'5 

"'.?911 
1'.90:;0 
1).582 
74.196 
14.192 

1';.371 
7.,.9311 
76,482 
71,016 
71,5)6 

7N.Oll3 
78.531:1 
19,021 
79.493 
7Q,954 

~!'I.IIO .. 

Bn,ell5 
~1.27' 
f'.1.69'1 
~?n] 

A?SlY 
~? .91 6 
~3. 306 
~ ~. 686 
~(I. OtlQ 

Aa .1>32 
IH.791O 
6S. \(19 
-'10;.1195 

AS.8112 

.... 6. \79 
tI .... 511 
~"'.R jl 
"17.1'56 
IP,ll!5 

87. 7~6 
I'IfI.092 
,,~. 39.!i 
RII,691 
A"-.96Q 

W-Wna 

.. 2,620 

... 1.824 
,979 
,000 

,0;':0 
1.169 
2. 11 3'.) 

3. 791 
~.2n 
1'>.11'5 
6.261 
9 .~5J 

1 t, 4~6 
13.1'>5 
1 t!. e~5 
16. ~{l2 
1".334 

20.107 
21,896 
n.70! 
20;;.530 
27.31:17 

29.210:. 
31.0711 
32.942 
)4.819 
3('.703 

311.'59(1 
40.492 
42.,W<; 
4a.30e 
46.2]7 

4fl.1311 
~O .O~6 

51.91:11 
53.910 
55.':141 

57.776 
S9.113 
61.11':13 
6).595 
65,5J9 

67,485 
69,I.IJ3 
7t.3l:'I2 
7),3311 
75,21111 

T7 .2'11 
79.196 
1:11,153 
B3.t 11 
"5,070 

87.1130 
S.!I.992 
90 .9'J~ 
9;,917 
94.8tH 

96,1'146 
98.tllI 

100.777 
102.7414 
t04,n2 

.HI" 

~3. '}eO! 
n.87.:1 

.. :;IiI.le,s. 
7.11. lOU 

1'11.30" 
- ?II,AS;"? 

;?iI,<ill 

211,('1", 
.. 24.71!) 

24."",,, 
;;>4,940 
1''5.02] 

2!;,O1;'l7 
;;>5.146 

.. ?').?()\ 

?5.2'u9 
?!:I.29~ 

25,337 
- ?5.,He 

?~.41.:r 

2~ ,II" \I 
.. 2":>,48 11 

25,':d'J 
20:;.5~6 

- 2';.S92 
25.1130 

- 2S.61"O 

?'i.713 
2,,>,757 
?5.8-03 
2';."I~3 

2~ ,900 

2".961; 
20\..01d 
26.0tlt\ 

- ...... .1"5 
1".214 

"~,2t16 
21\.362 
20/\,4111 
;>0,'324 
;>6.611 

2f),702 
2b.797 

... ;>6,1'196 
'l~ .9Y!! 

... 27.106 

27.216 
27.13U 

... 27 •• ,,11 
21.'HI 
2' .690 

- 27.830 
?1.9~d 

2 11 .\U2 
;?Ii .711t! 
2~.]~ I 

2".51.12 
26.69' 
7".856 
29 .019 
7'9.160 

Dec. 31, 1960; Dec. 31, 1970 

OGr 

23 • .,,,2 
23,]69 
22,1'17 
22.0~2 

22 .O~9 
21.300 
20.49(1 

19.673 
16.831 
17.976 
17.1 t 1 
16.<,)t-

15. 3~5 
1 4 .'I6e 
13,575 
12.e.77 
11.777 

10 ,677 
9.971 
9,064 
e.lSJ 
7.(4) 

6.321< 
5.1116 
4,'1911 
3.~l9 

2,663 

1.7110 
,SH 
.10t' 

\.035 
l.Y6? 

2,69" 
3 ,~;;>3 
4.750; 
~.b9? 
6.6;6 

7.566 
11.':>0(1 
'Y,4S'5 

10.401 
1.1 •. 3111\ 

17.0'U. 
18 • 01111 
19.017 
19 • 9 .... ? 
20,9'5.0 ,.. 

21,~.,5 

22. ~07 
V.d87 
24.t!1:!t'> 
<:,5, 8'.)~ 

26.B).-. 
27.S27 
2A.S22 
.,9,02i'1 
30,81' 

.... K. 

'87 

H.077 
11.63t. 
6.960 

7.166 
~ ,1;)79 
II, ~ 11 
4.1OS'S 
.L5118 

3,G51 
2' .e]~ 
2.262 
'.Y19 
1.716 

1.(1,116 

1.262 
I. lOt 
.938 
.191 

.659 

.53t1 

.1t2l 

.320 

.233 

.146 

.066 

.VOb 

.07S 
,jll,3 

.?04 

.261 

.31'5 

.366-

./llotl 

.459 
• .,0] 
,')Ii.!;. 

.583 

.620 

.655 

.690 
,722 
, (5) 

,TA) 

,012 
,1:1)9 

.066 
,tl9\ 
,916 

,940 

.963 
,""8'.) 

I.U06 
1.021 

1,0111 
I.U67 
1.08!'t 
1.105 
1.12<' 

HYDROGEN ISOcYANATE {HNCC) (IDEAL GAS) GfW:; 43.0252 CHNO 

Point Group C
s 

S29S 15 56.9 0.1 gibbs/mol 

Grou.l"ld State Quantum Weight!: 1 

w, crn-'" 

3531 (1) 

2271.! (J.) 

1321 (1) 

~--
659. B (1) 

517. S (l) 

777.1 (1) 

llHfO -23.6 Z KcallJnol 

uHfi98.15 -24.3 2 kcal/mol 

Bond Distance.: H-N 0.957 A N-C:: 1.207 A C-O::: 1.171 A 

Bond Angle:' H-N-C!: 125.1~ N-C-O laO· 

Product: of t:he Moments of Iner-tid: ZAIBIC 5.3178 ~ 10-
117 &3 cm6 

Heat: of Forma·tion 

Okabe (.P has measured ";:he onset of photodissociation for 'the process HNCO(g) ... NH(c'n} ... CO(g) as B.79 ! 0.03 eV 

(202.7 ! 0." keaU. Oke.be and Lenzi (1) hilV~ also r~por'ted the omlet of photodi-5sociation for the process NH
3

(g;) .... 

NH(c'TI) + H2 (g) as 9.35 t 0.06 elJ (215.6 !: 1.1.! kcal). Elimination of 'the NH(c'n) gives 

Nli 3 (g} + CO(g) ... NHCO (g) '" H
2

(g) uHo 12.9 ~ 2 kcal 

which with JANAF .auxiliary data (~) yields .lHfOCliNCO. g) = -13.6 !' 2 kca1/~ol. Or' uHf
29S

(HNCO, g) ::: _24.3 ! 2 ked/mol. 

The heAt of formation of ioniz:eoj cyanic acid in aqueous solution is _31.4.9 Kcal/mol C~). Since the ions froe cyanic 

acid and isoc:yanic 4cid <ire iden'tical in solution we can use this value for aqueous isocyanic acid. Assuming the he.at of 

solution is -3 :t 3 keal/mol, a va.1ue covering the range of heats of solution of mst orga.n.ic liquids (~). we obtair: 

uHf 29S (ENCO, t) ,. -32 :: 3 ked/mol. Using ':'H:'"o ::; 7.:? kca1/mcl (.§.l we obtain uHfi9S(HNCO, g) :: -'25 !: J kcal/mol. If we 

assume that iJHfi9S(HNCO, g) - L\Hfiss(HCNO, ionized aq) :: uHf;9S(HNCS, g) - t.Hfi9S(HCNS. ionized aq) then we obtain 

uHfi9a(HNCO, g) ::: -23 kcal/mol employing values from (~). We adopt the value lIHfigs(HNCO, g) :: -24.3 !: 2 kcal/mol. 

!feat Capacity and Entropy 

The vibrational frequent:y determinations have been sUll'U:'larized by Her;<;berg 4J'ld Reid (.§.). Ashby and Werner (1,) have 

l"ellled.sl1red the three lower- fUndamentals ur.der- much hig."ler resolution. They reveZ"5e the a.'>sign:nents of v5 and \)6 of 

HeI'z,be.rg and Reid. Dixon and Kirby (~) have discussed the corrections due to Corio1is interaction !:'lade by Ashby and 

'werner a.l'ld conclude they a.re in the wrong dit'ect'ion. On this basis they reverse the \'1; and \1
6 

assignments of 

Herzberg and Reid. 

The bond distances and angles al"e froJ:! 'the microwave measurements of Jones et al. (~) which give rotationa.l constants 

in good a.gree.rnent with the lotter micr-owavc work of K~wley (::!Q). 
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3200 
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JoOO 
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tqDO 
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.0('1(" 
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r .000 

fl..H4 

".3"4 
111.56" 
11.802 
13.0')3 

ltI.318 
1'5.596 
I'" .!i~'S 
113.1115 
19.44) 

20.60t'-
2?131 
23.1i.':I<0 
211.791'> 
26.136 

')7.4!:!? 
21\.1'1]2 
]0.186 
1l.').Q4 

32.907 

)/1 ,7.12 
)'5.641 
37.t114 
3f1.HI9 
39.7/'7 

41.la8 
42.531 
·0.917 
4~ • .!vf. 
46 .... 96 

QA,lll'!9 
IlQ.U-!l4 
SO.k61 
'52.;.>/jQ 

"i3.61'o1 

6'.121 
63."33 
6/1 .401.17 
66. )0/ 

~r. 77'0 

6Q.l'l7 
ro."" 16 
72.037 
n, ij,)9 

l'a.811,! 

19"10 

10,31 4 
I0,36S 
10,43 7 
IO • .!lOO 

10. ]9("1 

10.790 
1(')'\0" 

10.01 I 
'1,£',~\ 

9.692 
9.'B7 
0.3 __ 1 

9.7.,.9 
<.l.112 
~.97f 

R,845 
R.YI" 

".31/:1 
iI.,1I5 
11.0')1 

r, 91 ~ 
r,775 

r."'3.4 
1,.!l90 
1.343 

1.194 
r • D~ I 
"-'.fle-I!:! 
6.!2/;! 
6."IV 

I) .1>0" 
... ,:?37 
I:..06{ 
"'.BY.!l 
0:.,718 

5,';);1 

.... 350 
OJ.t 71 
>\ ,gel 
~ .791 

4,5"" 
II ,199 
II.IQ? 

3.993 
'.71\':> 

,<,'57':0 

'1,4'':> 
'.211\') 
2.01" 
1.779 
\ .5i1.'.1 

1.799 
1,054 

.I'\U' 
,5;'6 
.JOJ 

dGf' 

10.314-
9, 67 
., .969 
6. ,~? 

6.740 
5.5]4 
4.3"'R 

3,210 
2.()QI'"I 

.99::> 

.01'11 
1.\1.11\ 

:?I9(. 
3.n9 
'I. ""';3 
5.?61l 
t.,267 

7,763 
1'1.249 

"".2:7.'1 
10. !Q.q 

11 .163 

12.111"0 
\3,ti11 
11> .U!'I 
11.l.9~1 
15 ,B~ ... 

16.8{ 1 
t7.T3~ 
\1;.647 
19,5')1,i 
20,45 0 

21.35t. 
22,749 
£3.13 0 
24,(J?0 
24.900 

£5. 'T! 
2('),637 
71,1.1.97 

·l!',.]"" 
;;>9,207 

30.057 
30.89? 
31,l3f:. 
n.57\ 
B.D-02 

30.2:;>1' 
]'),0.111 

3.,./)54 
36,1'>67 
Jr.A1"3 

~q ,I!.33 

<l2.?1,) 
42.9<;13 
43.767 
(".,. ,5;>5 
1,';,291 

Log Kp 

iNtINIT( 
70.079 
6.f08 
4 ,'i'51' 

01.1,910 
3,071.1 
1.'010") 

1.169 
.6'») 
.UI 
,071 
,1'';)1 

.0?7 

.913 

1.1?0 
1.173 
\.220 

1.",61 
1.299 
\. H? 
1.361 
I. Hl9 

1.1.:13 
1.1.1)<; 

1."55 
1.474 
1.490 

\. ~6,;) 

1.':173 
1.':>1.11 
t .51)Q 

1.596 

1.613 
1. 6 18 
1.61'7 

1.\')2f> 
!.1l?9 
1.632 
1.1l)':! 
1,63fl 

1.64U 
1.64;> 
1.¢QtII 

1.6&5 
1. bt:.~ 

1.61.1.f'. 
1.61l5 
1.61l9 
1.6119 
l.tl,)O 

FORMY"L (HeO) (IDEAL GAS) GN ~ 29.01352 CHO 

Point: Group C
s i1HfO 10. 3 ~ 2 kcalhnol 

S298.15 53.66 1: 0.01 gib1::l!:;/mol ,jHfi98.1S 10.4 2 kcal/mol 

Gl'Oi.l.11d St:dtt! Quan1:um Weight 

Electr-onic Levels and Molecular Constants 

~.ate 

X2A' 

;,2 r-

. -1 

~ ~ WI' cm-
1 

(!.lZ' cm-
l ~~ 90 , cm- 1 IAIaIe g3 C!l;6 

0.lJ.6Slj x 10-117 

ii 2A' 

eA" 

9791.< 

38691 

41270 

2 .. 83 (1) 

3316 .2(1) 

[24SBl (1) 

[2488] (1) 

1083 (1) 

802.3(2) 

(1083) 0) 

[108J 1 (1) 

Bond Dist:anct! (X 2A'): C-H 1.16 A C-O::: 1.17 A 

2 ' Bond A. ... gle (X A ): H-C-O 123. BO 

Heat: of FOr-ffid.tion 

1820 (l) 

lfl13.I.:(1) 

(1820J (1) 

[19701 (1) 

1.3377 

C! "" 1 

1.0085 x 1O- ll7 

[0.46541 x 10-117 

The adopted i1Hf29S (HCO, g) :: 10.4 ! 2 kcal/mol is cd1cule.ted from D(OHC-CHO, g) :; 71.5 ! 2 kcal/mol dlld tlHf2Sa (glyoxlll, g) :; 

-50.66! 0.2 kcal/mol. The C-C bond dissociation energy in glyoxa.l wa~ de'termineci from chemilurninescent recombination of formyl 

radicals by Ear-·tley q~). The heelt of formation of glyoxal was det"ermined from flame coniliustion calor'imetry by Fletcher and 

Pilcher <.~). 

The other route "to derive the heat of formation of formyl radical was from DCH-CHOl which hal; been studied by many 

inves"tigators listed below. There a:-o€! several conflicting val.ues between 77 to 91 kcal for DCH-(110). Based on the adopted 

....Hf29S C!iCO, g) 10.4!: 2 kcal/mol, we helve derived DCH-CHOJ :- 99.3 ~ 2 kcallr.101 ... hich is in essential agreement with the hig.;' 

values of D(H-CiiO). The low value'S were probably no't reliable as pointed out by Calvert <.3.>. Walsh and Benson (~), Haney and 

franklin {~) 

Investigator 

Calvert (~) 

Klein and Schoen (.=!.) 

Walsh and Benson ( .. ?) 

Bra.nd and Reed (.§) 

Reed and Brand (V 
ShaJ1nan dnd Harrison CE.) 

Haney and franklin C.~) 

Heat Capacity and Entr0.Ei: 

Method 

Kinetic 

Kinetic 

Kine"tic 

Spectroscopic 

Electron Impact 

Electron Impact 

Electron Impact 

D(H-CHQ) kcal/mol 

91 

77 

87 !: 1 

<B2.3 

7S Z. 3 

79 .t 3 

87 !: 3 

The theT-modyna.-nic functions were cdlculated by sum.ming Over the individual par-tit ion f1..lnc-rions far the sep~rate st:ates. The 

observed molecula.r constants dnd electronic levels wer-e taken frol1'. Herzberg and Ramsi'.y (1.Q, _ld, .~1) and DiXon (11).- The vibra

tional frequency (WI = 2488 cm.- 1 ) .... as observed \.lsing the matrix isolation infrared techniqu~ by MilligdZt and Jacox (~). Using 

the same teChnique, Ewing, Thompson and Pimentel (1.§.) found !.l2 :: 1091 cr.-o- l and (,)3 :- 1860 Cl1'.-.l. which are in good agreement with 

the valuc~ adopted (l,Q). These small differences are probo'!.bly d1)e to matrix shifts. The band l.engths and angle were calcula't"ed 

from the normal coordinate andlyses by Shirk and Pimentel {l§..). The~e values arc d bfJtter fic "tha..'1 those calculated by Joh.r.;.s, 

Priddle and Rd:r.say (,LV who assumed a normal CH bond length of 1.08 A. 

p..~~~"f~~5;.~,?!, 

1. D. 8. Hartley, Chern. COIUf:1, ~, 128.l. (1967). 

2. R. A. Fletcher and G. Pilcher, Trans. raraday Soc • .§.§.., 794 (1970). 

3. J. C. Calvert, J. Chcm.. Phys. 12, 9:'4 (1958); J. Phys. Chern. &1,1206 <l957). 

li. R. Kl.ein and L. J. Shoen, J. Chern. Phys. 11,953 (1958);~, 1094 (1956). 

5. R. Walsh a..r1d S. W. Benson, J. Am. Chern. Soc. !§., 4570 (1966), 

6. J. C. D. Brand and R. 1. Reed, J. Chern. Soc. !.iiZ., 2386 (1957). 

7. R.1. Reed and J_ C. D. Brand, Trans. Faraday Soc. E, 476 (19:'8). 

B. T. W. Shannon and A. S_ Heir-rison, Cdn. J. Chern. ~il~. 1392 (1961). 

9. M. A_ Haney arid J. L. Franklin, Trans. faraday Soc. §2, 1794 (1969). 

10. G. Herzberg, "I:l'.:'c1:rcnic Spectre of Polyatomic MolecLlle,s," D. V<'ln NostI'o;I.nd Co., Tnc' j New ~'ork, 1966. 

11. G. Her-zberR and D. A. Ramsey, Proc. Roy. Soc. (London) A233, 34 (1955). 

12. J. W. C. Johns, S. H. Friddle a.nd D. A. Rams4y, Discussion Faraday Soc. l..?, 90 (1963). 

13_ R. N. Dixon, Trans. faraday Soc . .£.§., 3141 (1959). 

11.;. D. £. Milligan d!1d M. L Jacox, J. Chern. Phys. g. 277 (1969). 

15. G. I:. Ewing. w. r:. Thompson and G. C. Pimentel, J, Chern.. Phys. 12, 927 (1960). 

16. J. S. Shirk and G. C. Pimentel, J. Am. Chcr.1. SOC", !Q, 3349 (1968). 
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Formyl Unipositive Ion (HCO+) 

GFW • 1797 

~---~bbsJmol---~ kC1l1/mol----~ 

T, QK 

° >00 
200 
2Qf\ 

,"0 
000 
,,>00 

600 
100 
000 
,00 

luOO 

1600 
1700 
lHuO 
1900 
l'UOO 

2100 
2200 
noD 
;'11100 
2~on 

;?60 0 
27UO 
2t100 
'900 
lVuO 

31VO 
3200 
)3UO 
)4(jO 

3'100 

)()oo 
3{GO 
3~OO 

3900 
4000 

4}00 
1:1 ~oO 
l),3uO 
A<lOtl 
01';00 

11600 
4700 
41;00 
1.1900 
"iUOO 

')~oo 

')600 
srao 
5r100 
.,\100 
..,000 

Cpo so -{Go-WfiS)fI' H"-H":tn liH1" 

0.595 

a,6t2 
y.)99 
." .9Q~ 

IV.QQ(J 

I v .9~Y 
11. 3?t> 
11 .I'I~ t
I"':,U!V 

ll. ]0(; 

1,.!.::'o;" 
Il.7 A b 
It.9P,7 
I j.1 /\~ 

13,);:>2 

1".111) 

1 4 ,)IH 
110,1117 
1>1,114<1 

1",A61:' 
{,<./JOt 

1 .. ,S13 
1".5l( 
1".".l50 
14.';6( 

1!.1.!'.8] 

11.l.59b 
110,612 
1",6')1.1 
I" .637 
14,641.' 

\"."0:;/.1 
11.1.6"0 
1",67tl 
\ ... 6111 
1",69,:> 

1 .. ,HI) 
14.71{; 
\'1,717 
1".7,)4 
1",730 

11.1,736 
11.1,742 
1 ... 747 
\",7'52 
1'01 ,7<;7 

1I.!I,59 1 

48,6':14 
'51.236 
53.]99 

55.267 
56.9 tT 
5S.A03 
5<,1. 75~ 
"11.006 

62 .16~ 
63.(,46 
6'.261 
65.216 
6~, 116 

66,9 7 3 
67.785 
68.55t!-
0';9.295 
71"),nou 

73.674 
71.1,211 
74. nu 
75.231 
7'5,'17 

76.189 
76.646 
!7 .090 
17. sn 
77. ~I/! 

8.35<.1 
8,148 
9.t3S 
9.51" 
9.M3 

90. 2~) 
flO.59,) 
110,93<') 
111,27,) 
81.60'1 

!I! ,9?6 
1:12,242 
1:12.5"\ 
1'2.1:153 
A).150 

83.'141 
-'l3.T2? 
f\4.007 
~4. 282 
S'I.552 

A4.!QS 
1'1';,079 
1!5.33~ 
~'j. 587 
IIS,tl3~ 

0.5,591 

olI8.S91 
t.d3.93'; 
1.19,6:2) 

5I:,]0} 

'S'">.002 
'55.67, 
'56.323 
<;6,9116 

.,7 .... 46 
">("1.125 
~~. 6113 
'59,723 
"i9,71l1.\ 

60.?"/:) 
AO.7F 
61,211 
61 .... , 1 
'<'2.117 

6 ~ • t 7 ) 

,o:,Q.">53 
",4.924 
6S.28b 
"'~. 6'10 
ftS.985 

"7,90t! 
..,,8.2 05 
~8.490 

"'.'J.784 
fIII,Ct.') 

70.6S1 
70,900 

" 7> 

" 
7 1 ,!l5~ 
7".085 
77.3i1 
7;>.";34 
77.rS4 

,000 

,016 
,9)9 

t ,A89 

?914 
3,966 
",099 
1'),7':>0 
r ,435 

B,f>'50 
9,'3911 

11.16\ 
\;:>,4'50 
13.7,)1'0 

1";,002 

19.11>'1 
?D.SP 

2\.69,<; 
?3.]1:I7 
;:4 .... '.1,<; 
U •• O'}? 
~7 .,)03 

<.'~ .920 
30.34' 
31.7M 
] J. 19~ 
]4.63' 

]fI.009 
]7 ,509 
]8.<,)");> 

1I.0,lH 
I.Ij.,'I./I'; 

:q.'96 
"11.1'111'1 
11"',203 
47 .... ,,<;1 
49.1.16 

50.'51<; 
')?03li 
':13. 11 97 
~II,960 
,)(>,42<; 

57,B90 
59.3'.)6 
6n.Blii 
e2.292 
6.1,761 

.111:\ 

72.591 
74.i16<; 
7'5.')39 
1",0\-11 
'1~ .1190 

1~9.10V 

!99,!l.rr'l 
t 9':01. '5,)~ 
199.9':013 

;Hl'1,409 

;:>UO,"'12 
;:>0I,?11 
;:>01.60<,1 

:;>02.012 

:;>07.419 
?C'.I:L~2 
203.246 
;:>0.3.1'>61 
;:>011.090 

~Oll,., \] 
?04.940 
.?(II). )611 

705. rye. 
?o .... ?'?') 

?O~ ,<'>53 
,07 ,or~ 
'07.5Q':l 
,Or,9?H 
20~. ~ ~ r,I 

,O~, 761 
?o'.1 olt.J 
,0'.1 ,<;9i\ 
?to.Olld 
?to. 11 1'; 

?1 0 ."2') 
711.nl 
?Il. 61 ~ 
?P.013 
;>1'-' • .00 .. 

'12,7,,0 
"1.17 J 
;'13 .5~4 
?11.930 
?1".30\ 

?t'l,67U 
21 'i,O)4 
?1 .... 3<,14 

?1<;.7')1 
~1'" .Iv} 

~I"'. '1')3 
'tl'l. 7'1~ 
~t7.!31,1 

'I'.''''' ~ 17 .·!ltv 

139 

~1 9. r 32 
2?i1 .039 
?1'0.14) 
nO.oS ... ! 
nn.936 

June JO, 1966; Dec. 31, 1970 

6GI" 

195.111\8 

!95.1I1I:i 
1911.1fl] 
lY2.le,9 

191,301'1 
169.760 
lt16,l';J 
106.497 
10".'91'1 

.... Kp 

1113,?91 

1.1.12. H6 
1 0 ~. 09' 

6".261' 

69.684 
59,2116 
';>1 ./;01 
11:',286 

., 40,36 7 

16J,O':l&' 
16t,21(-. ... 
179.463 

J6.J70 
J3.0IS 
30.170 
27.7;;.8 
?5,606 

177 .61 Q 

17'5.'44 

1'13.8]/'1 
111.909 
1119,953 
16-/.10'75 
105.973 

'3.f45 
.. 1'2.10'" 

;>0,635 
19,317 
18.1 J7 

.. 12.907 
... 12.2')6 

" 
... lO.1.i63 

9,:'98 
9.161 
11. 71!~ 
b. ]')13 

7.<,190 
r .640 
7.309 
6.'>'94 
6.6v4 

120.'07 6.dlOFI 
1!7 ,9(1:;> 6, IJ'; 
11';'')04 5.07", 
1l.3.,!'S7 ':l.t>/6 
110,920 5,387 

3.'165 

84,70;:> 3.309 
82.316 .3.158 
,9.'160 
77 ,'54! 
7'),108 

rOR/1YL UNI?OSTnv£ ION (HCO+) (IDEAL GAS) Grw ::: 29.01797 

Poin t Group [ C"", ] lIBf; " 197.7!: kca1fmol 

S298.15 [48.5 1) gibbs/mol jHfi98 15 199.l! 2 kcal/mol 

Ground S"tate QUdntum W~ight: [1 J 

'Jibr"dtiondl frequencies and Degene:"t'<lcies 
-1 
~ 

r 3223 j (1) 

(707] en 
!20&8) (U 

BO:1d Distance; C-H:': (L07J A C-O [:i.,17] A 

Bond il...rlg1e: H-C-O:::! 18c~] a !: 1 

Rotational Constant: BO::: fl.367) cm- l 

Hca"t of formation 

Using the photoioniza"tion teChnique, Hatth-tews and Warnec.k (1) measured the appearance potentials of HCO+(g) fro:, 

formaldehyde, fonni.c acid and acetaldehyde as 11.95,12.79 and 11.79 cV, respectively, ;.;hose. aver-age yields f.Hf;CHCO , g) = 
197.7 -! L!:o ".cal/mol. based on the following da"ta (in units of kcal/mo1): 51.63 for H(g), 9.35 rot' OH(g), 35.62 

for Ci1 3 (gJ, -26.78 for H2 CO(gl (V. -81L74 for (l) and -37.14 for CH
3

CHO (~). The appearance potentials obtained 

froll". photoioniza.tion are se .... eral tenths "to 1 eV 101010£:1' thdn the ~cent electron impact ddt a (k, ~, 2. !, ~). The appearance 

potentials determined by the electron impact method tend to be high because thl!' fund.IL"!Ie.lltdl no!lture of the process dop.s not 

1edd to a shar~ onset in contrdst to the step-function behavior of photoionization onset. 

Heat Capaci"ty and Entropy 

The molecular' configura"tio:1 is assumed to b~ linear based on two ro!=:dsons; (1) the molecule HCO-(g) is isoclectronic 

.... ith HCN(g) which is linear; (2) A. D. Wal~h <lQ) prediCted that '·HAB' molecule5 with 10 or less v.,tlence electrons 

will be linear in thcir ground state. HCO (g.) has 10 valence electrons. 

The bond distances HC and CO were estimated to be the S.'lme .... s those in HCN dJ1cl tieD l:.01eculc5, rcspectively. The 

prim:ipal moment of inertia. is 2.01+76 x 10- 39 g cm2 . The vibrational frequencies were ..::alculated by the valence force 

method from. the estimated stretching a.nd be:1ding fOr'ce cons"tants which were obtained frol1'. HeN (g). The enthalpy at OOK 

is -2.211 kcal/rnol. 

~s. 
1. C, S. Mathews and P. Warneck, J. Chert'.. Phys, 11:. 851' (1969), 

2. JANAF H(g) table da-rcd Sept. 30.19&5; OH(g) table cl.11:ed l."nc. 31, 1970; CHs(g) table da.ted June 30) 1969; 

H2CO(g) table dated Md.!". 31, 1961. 

3. J. B. S. Green, J, Chem. Soc. l:1.§.l, 2241 (1961). 

4. U. S. Na"t:l. Bur. Std. Tech. Note 270-3, 1968. 

5. H. A. Haney a.nd J. L. Franklin, Trans. faI"'addY Soc. &J., 1794 (1969). 

S. J. L. Franklin, J. G. Dillard, E. H. Rosens"toc:.k, J. T. Herron, K. Dr-Olxl and f. H. Field, '·:roni~dticn Pot"enri<lls, 

Appearance Pot~ntia.l.s, and Heats of forma"tion of Gaseous Posi t.ive Ions.' NSRDS-NBS-26, 1969, 

7. H. Pritchard and A. G. Harrison, J. Chern. ?hys.::...!!., 2827 (1968); 22.1043 (1969). 

8. H. Dorma.n, J. Chern. Phys • .§Q, 10:..:2 (1969). 

9. R. Majer, C. R. Patrick and J. C. Robb, Tral1s. Far-aday Soc . .i2, l~ (1961). 

10. A. D. Walsh, J. Chem. Soc. 112i. 2288 (1953). 
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Methyl Chloride (CH

3
CI) 

IUQ~(llg(l~) GFW = 50.488 

----otbba/mol---- iwlI/mol 
T, OJ( Cp' S' -(Go)-W':zn)/T Jr'-H"_ &Hf" 

0 .ooc .oue INF INIH - 2.48<:1 - 18 0104 -
100 7.955 46.810 63. 1S~ - 1.694 - 18.8l(' -
ZOO 8.401 52.408 '56.830 .684 - 19.345 -, .. 9.135 o;S.988 53.988 .coc - 20.(eO -
300 9.165 56.01t8 55.988 .018 - 2e.cn -
400 11.509 S9.C95 56. )9l I.C61 - 20.6'52 -
5CO 13.180 61.846 51.212 2.317 - 21.21(' -
600 l"'d!147 614.382 ".)s~ 1'18 3.710 - ZL.f;)7q 

100 15.919 66.1)7 '59.252 5.240 - 22.C67 
800 17 .026 68.937 be.326 6.888 - 22.379 
900 17.995 70.999 61.39'1 6.641 - 22.627 

1000 18.844 72.940 62.457 10 .... S3 - 2Z.B14 

BOO 19.587 H.772 63.494 12.406 - 22.952 
lzoa 20.236 76.5C5 64. S07 14aH8 - 23 .C47 
130(\ 20.8C4 780147 65.493 16.450 - 23.lll 
1400 21.300 79.708 b6~4'S3 18.556 - 23.1410 
1'300 21.1j..Ie 81.192 61.381 20. lea - 23 0158 

16.00 22.115 82.601 be.294 22.901 - 23.156 
nco 22 ... 49 63.958 69.11b 15.13(' - 23.136 
L900 22.744 85.250 7C.034 21.39C - 2'3.1e6 
1900 23.005 66.487 7C.861 29.617 - 23.('66 
2000 23.236 81.673 11.b78 31.989 - 23.C19 

HOO 23.441 88.812 1Z~467 34.324 - 22.965 
2200 .23.624 89~9C6 73. Z]5 36.61'1 - l2.~Hr 

2]00 i3.788 90.96C 73.983 39.C48 - 2.2.849 
2400 23.'B5 91.976 74. il2 41.434 - 12.18S 
2500 24.068 92.956 75.422 43al':l34 - 22.729 

2600 2 .... 181 93.902 76.114 4b.247 - 22.bb7 
2700 20\.296 94~817 76~ 790 4B.b7l - 22.6(18 
2aOO .2 .... 394 95.702 17~450 ')I.tOt. 22.549 
2900 2' .... 483 96.560 78. 094 53.550 - 22.493 
3000 24.565 91 &39t 78.124 56.00Z - n.43'il 

3100 24.63'i 98.1";!8 7".339 58.463 - 12.38b 
3200 24.109 98.981 79.941 be .93C - 22.3)9 
3300 24.770 99.743 80.:529 63.4(.4 - 22 .29b 
;400 24.828 100.483 81.105 605. Sa4 - 22.255 
3'>00 24.881 10t«203 81.669 68.369 - 22.222 

3600 24.931 lOI.IICS 82.222 1C.860 - 22.1'H 
HOG 24.976 102.589 S2.763 13.355 22.168 
3900 25.018 103.255 83.29) 75.855 - 22:.147 
390C 25.058 lel.906 83.814 78.3'5":1 - 22.135 
40ce 25.094 104.541 8~. 324 tlC.56? - 22.127 

4100 2'5ol28 10S~ 161 84.825 83.318 - 22.125 
4200 .25.1&0 105.767 85.31b 8'5.892 - ZZ.1lC 
4300 25.19C 106.35'9 8S.798 eS.'HO - 22.14C 
4400 25.218 106.938 86.212 9C.930 - 22.1~6 

(''SOO 25.244 107.505 86.738 93a453 - 22.17c} 

4.600 IS.Zto6 !.C6 e 06'C &1.195 9'5aQT9 - £2.2C>1 
4100 25.291 108.604 81.645 98.SC7 - 22.241 
4S00 25.313 10'7.137 aa.(lS7 101.031 - 22.252 
4geO 25.H3 10'il.6S€J 88.522 103a'i69 - 22.327 
'5000 25.352 UO.In 88.950 106alO3 - 12.HC} 

5100 2"5.370 110.673 8Q.311 \C8.64C 22.4)8 
5200 25.388 Uia 166 S9.78b 111.178 22 ."5C1 
5300 25.404 111.65C '91;.194 113.717 - 12.571 
'5",,00 2'5.419 112.125 '90.595 116.2'58 22.647 
55()0 25.434 HZ.591 90.9"'1 ll8~8C\ - 22. He 

5600 2S.448 II ') .050 91.381 l21a345 - 22.81S 
5100 2S.46! 113.'50C 91.16'5 123.89('1 22.912 
5800 25.473 113.9~3 92.144 i26~"'37 - 21.013 
5'i100 2!t.48'5 114.319 92.511 128a985 - B.IZe 
boac 25.4<;16 Hi!.801 'il2.88'5 1.3 L ~ 534 - 23 .23t 

Dec. 31, 1960; Sept. 3D, 1964; June 30, 1972 

AGr .... K. 

18.H4 I ~F Ifill TE 
17.55'" 38.365 
16.111 1. 7.1;0& 
14.387 lOe546 

14. ~'52 lO.4SS 
l2.H7 6.757 
Ie .229 4.471 

1.9ea. Z.SIlO 
5.673 1.771 
3.310 .904 

.911 .221 
1.S 1l - .:no 

3.9'Sl .785 
b.4C2 l.l66 
8. 8~a - 1.489 

11.320 - 1.767 
13.184 - 2.008 

16.24'03 - 2.219 
LS.1Ce - 2.405 
21.16b - 2.'i7C 
23.627 - Z.718 
26.083 - 2.850 

29.531 - 2.91C 
30.Q811 - ;.018 
33.4)8 - 3.117 
1'S.S85 - 3.268 
38.324 - 3.351'1 

40.76-8 - 3.427 
43.2('4 - 3.491 
45.64C - 3.562 
48.1)78 - 3.623 
'5n.501 - 3~ b79 

52.938 3.732 
55. )61 3.781 
57.195 - 3.828 
6('.221 
62.645 -
65.1)1(' - 3.950 
1;>7.495 - 3.987 
69.920 - 4.('21 
72.344 - 4.C''S4 
14.166 - 4.085 

17.165 - 4.t 14 
7"'. bil .10.143 
82 ~""3/'j - 4.169 
84. ",53 - 4.1q~ 

86.97(- - ,thZ19 

89.)CO - "'.243 
91.126 - 4.26'5 
94.151 - 4.267 
96.579 - 4.3(iS 
99.f.lCI - ".)21 

101.430 - 4,347 
103.85<,1 - "'.365 
106.29S - 4.31B 
108.723 - 4.4CC 
111.1.56 4.417 

113.51:9 - 'h4]3 
116.024 - 4~449 

llS ..... 63 4.464 
12C.9C8 - 49 4 19 
123.342 4.493 

CH 3CI 

METHYL CHLORIDE (CH
3

Cl) (IDEAL GAS) GFW 50.498 

Point Group C3v 

S;98. Hi ::; 55.99 .1 0.10 gibbs/mol 

Ground St4"t:e Quantum weiiht :- 1 

AHfO :: -18.1 :t O. S kc41/l:\ol 

tHfi9S.IS ::; -20.0 .t 0.5 kca.l/mol 

Bond Distance: C-H::; 1,0959 A 

VibrAtional frequencies and Degener&cie& 

-1 
~ 

2968 (1) 

1355 OJ 
732 (1) 

-1 
~ 

3054 (2) 

1455 (2) 

1017 ('2) 

C-Cl 1. 7812 A 

Bond Angle: H-C-H::; lOS- H-C-C1::; 110,"55' 

?roduct: of the Moments of Inertia: IAIgI
C 

21 477 x 10-
117 

g3 cm6 

Heat of Formation 

The heat of formation has been determined by hydrogenation of methyl chloride 'to give methane And hydrogen chloride 

by L.acher, Kianpour, Oetting, 4nd Park (1), a.nd by Lacher, Dnery, Bohmfalk, and Park (l). They reported an avel'age heat 

of hydrogenation at 24a~C to be -19,665 ~ 45 cal/mol. Using this value, together with JANAf data (~) for 

H
2
(g), CH 4 (g), and HCleg', the heat of formation of methyl' chloride is calculated to be lIHf 29B :: -20,69 xcal/mol. Fowell, 

Lacher, and Park {.!), using; a similar hydrogen4tiof'! technique al;f\ost 'ten years later, ,report a value t1Hfi9SCCH3Cl, g) ::: 

-20.471 x:cal/mol, 

Fletcher and Pilcher (~) derived 'the heat of formation by measuring the he.&,'t of combustion of methyl chloride by 

flame c4Iorir.,etry. They reported a value o.Hf
29S

'CH
3
Cl, g) :: -19.59 ~ 0.16 kcal/mol where the ert'or, according to the 

authors, is twice the standard deviation of the mean including the uncertaint'y in ca.libration, measurement, determination 

of ignition energy, and values of 4uxiliary d4til used. 

In support of their results Fletcher and Pilcher (~) have compared the he""t:s of fOI"II',ation of C2 HSCl(g) a.nd 

as determined by equilibriUlrl s'tudies (Second and Third Law) with their work via. flame c41orimetry. The agreeme 

excellent' «C.2 kcal/~l difference) but in both C4ses results fot" hydrogenation studies are at least I kcal/mo1e less 

negative. In 'the ca.se of CH
3
Cl(g) no equilibrium results are currently avai14ble and the results of lIHfi9a from 

hydrogenation studies are approximately 1 kcal/mol norc negative than the results froD flame calorimetry. 

The. value ch05E.r, as the he.at of fcrma'tion is ~Rfi9B(Cn3Cl, g) .,; -20.01 O.S kcal/rn.ol. This val\.le is close 'to t.he 

media.:1 value and is arbitrarily o:=hosen as it is uncertain whet:her 'the flame calo'timetry or hydrogenation studies are 

'the more accurate. Slightly =re: weight was given to the flame calorimetry work due to favorable comparisons with 

equilibri\.Ul'L studies ir. related compounds. An erl"<lI' of !: 0,5 kcal/mol is chosen SO as t:o encomp4ss the current: l!Hfi98 

experilOOntal values even though the actual expcrimer.td.l error is considerably less. 

Hea t Capaci t':Lj!D.!L}~~_~!'~£Y 

The vibra.tional frequencies 4re essenti.!lly typical values ",hich were 'taken from the experimeflt41 work of Plyler 

a.nd Benedict <.§), Reichr.>.an and Overend {~), Horino and Nakamura (~). Jones, Popplewell, and TholT,pson <.~), fle.tcher (!.2), 

and King, Hills, and Crawford (11). The value of (&)1 as given by Plyler and Benedict: (~) appears too low and WAS not ' 

included, Cos'tain (!l) hAS calculated the bond dista.nces and 4ngles ba.sed on an isotopic substitution !tIethod, From this 

latter dat...", 'the i'l',ornents of inertia. were c.alculated t:o be 

I
A

::; IS::; 6.3885 x 10-39 g crn 2 and IC "" 0,5262 x ~O-39 II: cm2 
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Cyano Unipositive [on (CN+) 

( r dea I 

~ ,OQ 
(1)0 

'" 
300 
'00 
;00 

000 
'00 
'00 
900 

lUOO 

11(10 
1200 
i)Of) 

l,QOO 
\')00 

hOI) 
HOQ 
11100 
19M 
;t'ooo 

::noo 
2?!JU 
2)(1(1 

21100 
2'.l00 

20VO 
2'700 
21'00 
2!>'00 
31l0v 

3100 
3200 
)300 
34()O 

HOI) 

3~OO 
3700 
hOO 
])lon 

4000 

"1°0 
(12°0 
4300 
40;00 

IiI~OQ 

4roOO 
Hue 
AtlOO 
11900 
':IVO" 

':ijl.)(1 

5200 
5)00 
~1I00 
5500 

5600 
,}700 
5600 
5<;00 
6000 

Gas) GFW - 26. ° 173"'0"--_______ _ 

----gibbs/mol---_ ~----kcal/mol----_ 
Cp" S" -(GO-HO_)(I 

f • 0 3~ 

( ,0)1 
, .2 11 1j 

r .5\11 

r.le,1'. 
0,027 
o.2;>!:1 
Q,365 
0,510 

O,6:?£I 
o,TIt> 
!'J.791 
l.J,1l1{) 
0,9]7 

Y.OOI. 
'lI.061 
It. 11 ~ 
'1.175 
'J.n ll 

".2111 
'1.33l 
'f,j7'1 
... 1I7~ 
'i.46Y 

'1.5:ll 
'1.'l5u 
'1.51\7 
\1',6:>2 
'1.6')b 

"',6"'7 
.,.710 
'11.711] 

1f.7b9 
",.793 

Y.61~ 

';. ~35 
'i,SCi" 
Y,t172 
'I. ~"'o 

'1,90] 
.,. ,9 IT 
'1,9](\ 

"',91l2 
"',953 

",96.1 
'1',91<: 
01,90(' 
~ ,9at! 
'1,99:, 

ioJ,OO I 
lv,007 
tv,012 
\v,017 
Iv,O?;( 

l.>.I .O/~ 

\ .... 0'''' 
lu,O)2 
iv,O]5 
IV ,0 37 

50.986 

5t,029 
53.019 
'Sa.(2) 

56.118 
'51,331 
~S.11.22 

59.1000 
110.291 

61.10r,s 
61.862 
b?S63 
il).2UI 
63.8)2 

611.4l1. 
611.951:1 
65.47[:1 
6~.'H2 
66.UII 

66.896 
67,32':1 
"'.745 
68,1'15 
68,'))0 

66.903 
6"',262 
69.6)0 
69.941 
70.27 .. 

70.591 
70.H99 
71.! 99 
!!. ._90 
1].77 J 

12.050 
72.319 
72.581 
72.H31S 
'3.060 

, 3.332 
7:3. ~71 
73.50 .. 
?.Ii.033 
74.21jb 

711.1175 
74.690 
74.IjIOO 
7~.I06 
75.l01 

'':> .~05 
75.100 
7':1.890 
76,078 
76.261 

76,11112 
16,619 
76.194 
16 .96~ 
77,13l1 

SO,96b 

5U.getl 
51.26.11 
'H,79b 

';2,/;0) 
'53.023 
S3,6)1 
,).11.219 
5/;,1'B2 

')50.320 
'5';,.93:' 
'5of>.J25 
Sf! ~ 7 95 
'57.2tQ 

9.6711 
58.01l1l 
0,1'1,0182 
56,6611 
59,231 

5"'.'585 
59.920 
60.25<1 
60.579 
60.SS" 

t-1,190 
61046J 
61.1b7 
62.04) 
6Z,312 

62.'57'1 
6Z,ez,>, 
63.078 
63,322 
63.559 

63.7 9 1 
64,016 
6".24U 
64 ... ~1 
64.670 

611.576 
65,062 
(>'5.262 
6'5.479 
65.671 

6'5.ee.o 
60.0ile 
66.220 
66.1107 
66, St:lJ 

66.1S6 
;'6,Q2b 
67.0911 
67.2St! 
61.410 

fo7,S80 
61,737 
b',R91 

"S.O". 
btl .194 

Ir-H~_ 

.000 

,013 
.726 

1. 4 03 

2.229 
3,O?O 
3 • .'.1,)3 

4.66/1, 
,},')09 

6. Ho6 
7 ,~33 
8.\09 
,1\.992 
9 ,1l~3 

10. 77 9 
!t.otH 
12.5 9 7 
13,506 
1/1,.1<27 

15. 3~2 
16.2!)3 
11.22 A 
1f1.1'S1$ 
19.I U3 

;zo.o")';! 
;21.005 
21. 9 62 
22. 9 23 
23.6tl6 

21.l.fl'j4 
,'}.d24 
26. 79 7 
27,77'; 
,,6,7:'0 

29,131 
30.71) 
31.69/j 
32.1'>8'1. 
)).672 

34.66(, 
),).65) 

36,6!!'5 
37.6)9 
)R .633 

39.629 
110.626 
111.624 
1i?6n 
43.'<'21 

4/;.621 
1I'5,6n 
46.622 
AT ,62'1 
48.626 

49 .6,,~ 
5n.631 
5\.634 
5;?63;' 
5),6(11 

OHr 

11)0 .~70 

430.61:12 
4:n .497 
432.06\ 

4 )7.580,1 
1133.087 
/1,]3.56' 
4)4.020 
1134.47f 

43 4 ,91" 
1135.34\ 
435.75 9 
41",1 r ~ 
(l36.5!;;: 

436,9a7 
otJ7 ,J"'2 
4,7,79« 
II. 3 ~ • I"" 
1138,601 

419,OOil 
43 Q .401') 
4J9.t\J 4 
440.220 
441'l , r'l211 

1I1t1.03rJ. 
11111.4 .. 7 

1141,65 9 
4L12.272 
44;':,68'.:0 

1143,09'" 
443.5 II" 
4L13,92'i 
1111/1,,346 
11,.1.4.762 

44'Ll77 
illI'5.59 .. 
446.010 
(f,1If.,1&2 7 

U6.~1I2 

441.2';11 
4117.,<,71 
411.<1,01:1 .. 
Utl,/I,97 
41111,901 

tl1I9. )17 
QIIQ,'21' 
450.13<.1 
IISO.5110 
450,9114 

/,J')I, )1l6 

40,1,1117 
Ij~Zol41 

452.543 
<15'.9)6 

453.33U 
4')3,720 
4')4. 10~ 
4,}II,4911 

11,)4,617 

June 30, 1969; ])ec. 31, 1970 

'G~ 

/821.410 

421.3'51 
/1,111,01:10 
414,b59 

1111.129 
1407.S!2 
l4iJ3.1;26 
4[Jo.oao 
396.283 

..... Kp 

30~ • YO 1 

306,9')l 
2?tI.1I21! 
181.21.l7 

1/1,9,751:1 
Iv.n! 
nO,3:?\) 
97.153 
Bo,6CH 

7't,<;71 
70,767 
6 ~. b6'J 

392., .. 13 
368.56) 
3tlll,647 
3,,0.70\ 
Jl6,T25 

- 59,£<30 

372.ft9 
J68.oQ() .. 
3t111 ,6)8 
360,':.611 
351'>.46f1 

54.0S9 

50.'111 
IJr. HI; 
U.273 
41.'1.74 
36.)l~3 

3:'2.35\ 30.ero 
]4&. ~ t 3 34.:'9';' 
jQ;6\ ,061 ... 37 ,,,,9 ~ 
]39,!la9 ... 30.v51 
])5,100 ... 1'9.311' 

3Jl.494 
32' .271' 
323,037 ... 
311i.7f57 ... 
314,5n 

21.1165 
26.'191 
25.£14 
2111.U24 
22. 9 13 

21,1:17;.> 310.Z"? 
hl'.i,950 
)Ol.6'1J 

- 20."YS 
19.',171 
1<,1.11"2 
18.295 

2<';7,)78 -
292.9/il,q -

21:18.652 ... 17,524 
21:14.299 - lb,79J 
279.9)7 
21'S ,56::0 -
211.174 -

266,f16 
202,37", 
257,9'5S .. 
2~) ,';27 -
2119,01'19 .. 

211l1.b1l7 II 
2110, !9) 
235.733 -
2H.lSQ 
226,75? 

<!22,28t1 -
217.796 
21 J,29t -
206,785 
201l,26l! 

199,711? 
195,20tl 
1'110,070 
H~b.128 .. 
181.571 

"', ~26 
9.1511 
8.79!1 
e. 4 ,)O 

8 ,n 7 

7.795 
T.495 
7.185 
6.69,5 
e..bILl 

CYANO UNIPQSITIVE ION (eN"") {IDEAL GAS} Gr'..1 :: 2G. 01 7 30 

Gr-ound State Configuration [-n] JHfC; l128.6 3.0 kcal/!!iOl 

S;98.U :::[50.99 l.Slgibbslmol ui-lf 298 ,lS 430.87 3.0 kcal/lllCIl 

Wit ::;: (1580 J CI;l.-l 

Be (1.~65] cm- 1 

Heat: of Farlf.atian 

Electronic l.evels and Degeneracies 
-1 

~ 3 
t6l 

[1500J [11 

(6000] [2 J 

(BOOO] [J) 

(15000J [2] 

~e>:e [12. ~] 

Ile [0.017J em- 1 
re = [1.29) A 

DibeleZ" and Liston (1) have measured 'the photcionization 'thresnolds for !:he processes: 

ClCN + h\O .... Cl • eN "" e ~H!'o 399.41< 0.5 Kca1 

CICN "" hv ... C1 .. CN· ... ~Hro 426.65 O.S kedl 

By subtrac:t::i.on we obtain . . 
(:1 + ClI - C1 .. eN llflTO -27.21! 0,7 kedl 

CN+ 

Using JA."<Af values fo .. el J 0+ and CN we obtain JHfO(CN+, ':: 430.6 ! 3.0 kca1/mo1 and the ioni:tation potential of eNeg) is 
327.42 !: 0.7 kcal/mol. 

Bevkowitz et 41. <.V have lJI.easured the photoionization thresholds for the proCesses: 

HeN +- hv ... H+ l- eN "Hre 1.j38.18 ~ 0.3 kCiil 

lieN .. ~w .., H -+ CN lIHro" "I.IB.09 ~ 0.3 kedl 

By subt:rac:tion .... e obtain . . 
H+CN .... H-+CN liHr; " -9.91 !: 0.4 keal 

Using JJlJ{AF values for H, H+ and CN we obtain uHfO<CN+) 426.7!: 3.0 kcal IEr.o 1 , and the ionization potential of CN{g) is 
323,51 ~ Q.4 kcal/moL 

We adopt d. median ... alu~ for ~Hfo(Cl"'''") 428.6 -: 3.0 kcd/mol and 325.4 2 keal/~l for the :ionization potential of eN. 

Heat Capac;_:l,.~Y_~D.rt __ F;.nt"rcpy 

The molecule has eight: valence elee"t:'¢ns and thus we expect that its molecular constdTIts should f.1l1 betwi:len -rhose 

for C2 and EN. The ground electronic state is either Ii.: or 3n and the two levels a:r'e likely to be very close. As a. 

consequence the thermodynamic functions are comina1:ed by 'the 3n contribution and so we choose this to be the ground state. 

The other levels are ~stimated baSed on the' values of Fougere and Nesbe't (1) ~or C
2 

and of Verhaegen et ",1. (~) for aN. 
The vibr4tiona.l constants a.nd bono length are estimd"ted betwetln those for the J rr stAtes of EN and C

2
• The ro"ta,t:ional 

const.!Ilts Be is obtained from the estimacl!d bond length a.nd Cl:
e 

is c<ilcula;ted from the O-cher constan1:s &ssuming a Morse 
potential function. The enthalpy at o·}( is -2.07& ked/mol. 

~ 
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Cyano Uninegative Ion (CN-) 

GFW D 26.01840 

----Rlbbs/mol---~ kcal/mol----~ 

T,OK 

o 
toO 
200 ,,, 
300 
<00 
500 

600 
lOU 
'00 
,00 

1000 

!tOO 
1200 
1]00 
1/;00 
I~OO 

1bOI' 
1700 
1800 
l~Oll 

7000 

2100 
2£vO 
2300 
21.100 
2500 

2600 
2700 
;>bOO 
2900 
]UOO 

3100 
3200 
3300 
34UO 
3')00 

3600 
3700 
3eoO 
]900 
1.1000 

4100 
4200 
11300 
""00 
II':JOO 

1.1600 
lI.7uO 
4tlCO 
1'.,.,\)0 
5000 

5\00 
5200 
5300 
~400 
5500 

"600 
5TOO 
51500 
!)900 
6000 

CpO ,s<' -(GO-tr':UI)n' H"-H"2'N AUf" 

t>.963 1.16.8! :3 46.81 j ,1,,)00 14.'511,)0 

0.963 46.~"6 116.813 ,013 1b;.49) 

( .002 46.86] 47,036 .711 14.100 
( ,097 so. 4)~ 47,604 t.tolt5 13.637 

f • 2 'or.; 51.7<11 1Il:l..lSI:! 2.13'2 130122 
l,40t> 52.869 4~. 770 2.1:164 12.S69 ,. ').,~ ')3. 86~ 49.353 3.613 tI.99] 
(,73':1 ')_.770 49 .90~ o,,:nq 1 \. lQ] 

f.6lJu 55.S93 50.434 5.''::09 10.184 

o.OOb ';6.350 50,9)7 '5.95.0 10.164 
170 ')7.052 ~)t • " t b 6.760 9.S].!! 

57.706 51 ,AU ., ." 7 ~ !'I.QO~ 

58.31tl '1", 31~ 8.IlU4 ~. 2b r 
'58.893 52.1J~ 9.7.36 '.61'':1 

t>.44( 59,436 '53,137 10.079 6,962 
o.49b 'S9.l>I50 53.'1?3 10.91'6 ,0,.3]7 

0.5100 60.4]7 ';;3.693 11.773 5.68'01 
0,'592 60.900 0;11.250 1:1'.6)5 5.(11;0 

0.631 61.)'12 ,)4,594 13.496 Q.3'>'U 

0.1'11',6 "'1.764 54.925 !4.Jbl 3.741 
c,090 btl. loti 55.245 I') ,230 3.(109 
c.T?o 62.~':i~ 5~. 5S~ 16.101 2.436 
o,7S ... 62.927 ,)').f!SIoi 16,975 1.71:\3 
0,715 63.265 56.144 11.8')\ 1.129 

0,796 b.l,62!} ')6.Il;?O le,7)0 .ili7.t1 

0,810 63.962 ')6,69'1 19.610 .152 
tI, 8) ~ 6(..28) ';6,9611 70. I \l3 .8)8 
o.8')1J 64 .~g) 57.222 411.377 1,4Y6 
0,860 64.!liilj 5 7 • 41 2 22.263 2.1':>'5 

65.1/)11 ,)7,716 23.J ~o E.NI2 
1':>5,460 '57,9'54 2,11,039 1,0.7) 
65.7 oIiu ';8, )e6 211.9i!9 4.13~ 
66.000 58,412 2').820 4,7Y7 
66.265 58,633 26,712 '),46U 

Q .911(') 611.517 'HI ,Slid :n .606 "',12" 
o ,9')u 66.762 59,0'59 26.500 6.769 
",960 tl7,Qui 59. "6~ 29. ]96 7, 4~6 
0.96'11 <"17. &>33 5 Q .tl60 30,292 1101 23 
0.97d 61.1161 '59,663 3\.190 e, 7~ I 

0.980 67,1)112 59.8'>0 3? .0eH! 9,lI6! 
0.99101 67,tl99 "'0.O4~ 37,Qti7 10.133 
Y,002 68.111 60,'30 B.as7 - l'i.6Ilo 
'1,OOY 68. Jib 60,1.1 12 )4,7t17 11,48t 
",017 6tl.520 1'1(1.589 35.(',86 12.156 

'I,O?4 60.719 liO.76to 3l'> ,':190 12.631.1 
.... O)u 68.Y13 Ii(\,935 37 .49) 1 ).512 

".037 69,103 61.1010 38.397 140193 
.,..\)1;3 ~9.?B9 /)1.269 )9. )01 jll,S?,;) 

.... (;'5" 69,lI72 61.431 llQ ,205 1'>,5513 

.... 0'10 69.6')1 61,590 411,110 lfl."45 
",.062 69.tl27 61,747 112,016 16.932 
<;.067 70,000 61.901 tl2.9n 17.622 
<;.013 70.169 62.0')3 43.,530 115.3!) 
.... :)79 10.336 62,202 ill,7)7 19.006 

9.0@1.I 70.500 62.349 4'; ,6£16 19,1'01 
'>'.091l 70,660 6,.49.$ 46.5')11 20.399 
"',095 rO.619 6?63!:1 41.463 2 1 .O9~ 
'>'.10U 70,974 62. tr':J iii!! 0373 21.1"100 
'1.105 71.127 67,913 49.'2d3 n.'>O) 

June 

'GfO 

9.2>;'9 

9.226 
7.5?A 
5,9]7 

.Il • .\l/;lQ 

3,041' 
1.720 

.4TO 

.711 

1.831 
2.tl9? 
3.90) 
11,1'1611 
'5.179 

6.651' 
7. "R5 
8.280 
9.037 
9.761 

10 • .!!';? 
11.114 
ll.ru . 12.3'" 
t:?9;D 

14,495 
100·,971 
15,425 

17,101" 
18.020 
lB.)! J 
16.':d"9 
18,849 

- 19.095 
19.319 
19, ~31 
19,727 
19,908 

20,u70 
20,221 
20,j'54 
20,1079 
20,'>£13 

20.683 
20.760 
20,871 . 20.680 
20,919 

20.949 
20.967 
20,971 
20,960 - 20.944 

..... Kp 

6,767 

0.721 
11.113 
2.;95 

1.619 
.'i50 
,Il70 
, ~ 14 
,ISS 

,3611 
, ~27 
.b56 
.759 
.1'I1? 

,<;09 
.96? 

1,005 
1,039 
1,067 

l,U!5S 
l,lUIl 
1.116 
I.I"/'; 
1.130 

I. 
1,I21j 

1.116 
1.111 
1.103 
1.0911 
1.011; 

1,0'('::1 
1.0tlll 
1,0')3 
1,0 4 2 
1.0,0 

1.011\ 
1.UO.-, 

.... (13 

.'ttlO 

.~t7 

.1;181'1 
,t1fJ 
.1;159 
,1;14,) 

,1;131 

,BiB 
,tlOl! 
,790 
,776 
,763 

CYANQ lJNINEGATIVE ION (CN-) (IDEAL GAS) 

Ground State! ConfiguI"atio:1. (I t -+) 

3 29a .1.5':: 46,81 :!: 0.5 gibbs/n:ol 

Heat of Forrna'tion 

" ~ c 

B. 

[22!iO 1 cm- 1 

t2.1l5] cm- l 

Electronic Levels and Degeneracies 
-1 
~ 3 

o 
( 57000) 

[ll 

[2J 

~eXe::: \13.S) cm-:" 

a
e 

(0.0177) cm-1 

GFW ::; 26,01840 CN 

.1HfO = IS. 2 3 kcal/mol 

oHf298.15 11+.50:!: 3 kcallmol 

I'e [1.11);' 

Berkowitz e!1: a1. (~) have rece~tly o~tained 88 ~ ~.5 kcal f~r the electron affinity of CIoJ from the photoionizdtion 

thresholds of 'the l:'eact1ons HeN .... N '" eN 4nd HeN .... H '" eN .. e . 

Other values h4ve been reported by Page '.V, who reinteI"preted his earlier data (~), to yield 73 !' 1 kcal/mol; 

Bdkulina and lono" (.=!) in conjunc'tion with the dat'a of Br.:mscomb and Smith <E,) reported 76 l: 5 kcal!mal and Inoue C§.J 

who obtained 83 :!: 7 kcal/mol. 

We adopt: the value given by Berkowitz et al. (1) as being the most well defined in tel"ll\S of both the precision of 

me.sSUl'ements and the reac'tions being studied. T;,is lea.ds to oHf';(CN-, gl ::; 15.2 -:!: 3 kC<ll/mol or oHf
29S

(CN-, gJ :: 

llj.5 .t 3 kcal/mol. 

Heat Capcl.ci'ty a.nd Entropy 

The electronic stn.lctul"e and molecular constants are estimated by dnillogy with 'the isoelectronic speci.es CO and 1'J
2

• 

The uncertainties in the constants a.re generally small since N
Z 

and CO are quite similar, thus the entr'Opy h03S an 

uncertainty of only 0.5 eu. The enthdlpy at O'X is -2,072 }ccdl/mol. 
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NCO Radical (NCO) 

(Ideal GFW • 42.0173 

____ gibbs/mol____ kca.l/moi-----

T,CK, 

o 
100 
200 

'" ,,0 
," 
5no 

,co 
rva 
'00 
900 

1UOU 

!1\lU 
)200 
lJOu 
1400 
1';100 

\(100 
I700 
teH.lO 
191,)0 
2vOO 

210u 
2200 
7JuU 
2.r.OO 
,,';00 

2/100 
;:>tuu 
2bUU 
?\luO 
)000 

31.i00 
3~OO 

3601,,) 
3700 
~~oo 

3'JlOO 
1.1\)00 

11.100 

G"ao 
4JOO 
l.l400 
Il~OO 

4600 
~ 700 
4600 
490,)0 
,uQO 

~ 1 00 
')200 
':dOO 
o;'4UO 
,)<juo 

o;bOO 
')100 
')1:100 
,)VOl) 

6UOO 

Cpo go -(G"-H~JSI.)rr W-Ho_ .&.H1" 

,OOu 
1.61',b 
D.,HI] 

".573 

.... 591 
IU,IIR4 
i •• ??~ 

11.tHI! 
i~ 0 3<1; 
il • .,C,3 

1" .!l~J 
lJ. 3~v 

I J. ~..,o 

1-.1.7 4 3 
i-J,e6'o1 
, .. ,01 

1'l.:9'J 
1".27;,> 
1",3;4 
\ ... 3I}b 

\ ... "3~ 

14.1170 

\",:'1" 
I/o,')1/." 

1".512 
i".':>Q7 

1".61'" 
''',6)9 
1 ... /I";/:: 
1 .. ,67 .. 
1'1.690 

t",T111l 
114,717 
\ .. ,72'" 
\4.11d 

1".752 

14,162 
1",17 .. 
1'l.7B2 
\4.,<;1£ 
\'4.tlO;'-

1",1>11 
\'1,021 
\4,$31 
\4,!H,v 
l ... el')\J 

\ ... ~60 
\<I.tl71 
III,aX) 

1",1)92 
11.1,91'1) 

1".911.1 
1 r... 9~e, 
1 .. ,930 
1 .. ,9')0 
1 ... 91':13 

1'<,976 
1 ... 9ri9 
D,002 
l'J,Olb 
\).0)U 

,OOU 
IIb.3t17 
"il,eTd 
55."1.70 

5':1.';d6 
58.421 
60.S43 

62,940 
611,tli0 
l-O.486 
68.00tl 
69.401 

10.0AII 

11.tl72 
7'2.976 
1£1 ,012 
1i1.IHI2 

75.890 
76.159 
7T .576 
ltl,J'!>] 
19,0 9 2 

11(,.90';) 
~J ,,.';r 
(;].990 
'14 • .,0., 
1'1';).002 

fl5 ... 64 
11';),951 
~e.,.04 
1\6,tl4Q 
I>,{ .272 

A7,66/:j 
011,092 
BII,II66 
BtI.tlll) 
.'\9 .24~ 

M.611 
69 ,96/:j 
90.)16 
90,6",7 
90,991 

91,]It! 
91,637 
91,9'.10 
92,2S7 
92.':lSb 

92.b51! 
9].l4] 
9],420 
9],707 
93.982 

94.251 
94.Slb 
94.771 
Q~ ,03l! 
9':1.286 

ll'Orlt.!Tl 
I'd.Z3b 
"i6, ]I~ 
')').1170 

')~,4n 

~5 .86" 
56.62'1 

">7,':100 
';tI ,'ll 9 
"i9. )~4 
60,200 
61,0';7 

('1.814 
"2.65<,1 
63.41u 
M,lJl 
"ill ,flU 

(,;p.. i.I ~y 
615,9<'10 
1'0'1,4910 

6'>',9'q 
Tn.oII!) 

70,9110 
71.3911 
71.!'I3" 
72,;:'<'2 
72.1>'0 

1'3.01111 
7),479 

73."6'1 
7'1,:n'" 
1.:1 ,I'>O~ 

74,963 
75,312 
7'),1'>51,1 

1':>.9!HI 
76,)11.1 

71'1,(1111 

76,°'11) 
1r,?'i4 

77 ,"'i~ 
77 .11"lt) 

TK,; 39 
711,lI23 
TO,ro" 
7t1,97':l 
79,2<14 

79,';)00 
79,71){ 

"0,un 
!'IO,~13 

1'\11.'520 

8').763 
A 1 .OO~ 

Rl.231 
I'll. 1160,1 

81.697 

2 ,l.l 37 
- "Mlo, 

,'Iof\ 
,000 

.011:\ 
,,023 
2,110 

3.264 
4.,74 
,),7]0 

7,02;' 
P.,34il 

9.690 
11,056 
1?1i]~ 

13 ,PoD 
1').239 

1(,,6')') 

18.079 
~ 9 • 5 0 9 

zn,"'''') 
??,Jd6 

3\.109 
)".'H2 
jl) .037 
35.':10'1 
j6.Qf2 

3~ ,iI/I" 
39.913 
l'1I.3M5 
4~ .~~13 
U.B3 

4'5.809 
47.21'\5 
4A.re.3 
50,?I.I? 
51.722 

5J,202 
'.14.61:1(1 
56.166 
"lr .~'.:>O 
'j.9.13(1 

00.020 
6".10 7 

()3.59/j 
6'i,Orl] 

()6,'Hdl 

6'1,00] 

69.555 
7!.04'1 
72.')113 
7.:1,0)9 

'I 

Dec. 31, 1970 

3r ,?boil 
JA,On 
]1'1.056 
)1'\,100 

31'1,\01 
3ft,! ~o 

~", 207 

]/:j,?G9 

J''1.7dl 

'0' 

31'1.'~; 
]".3,)7 
]11.,o:./') 

]".35.1 
)I1,]G';I 

J8,H4 
]/1. ,~2J 
]1i..301.1 

3M,2/j4 
3';,261 

)7.79{ 

J7.7 J"J 
]7,60'< 
"',1)01 
]7 ,'5)0 

)7.4';)5 
3l.3(tJ 
]7 .7"'0 
37.:?16 
37.131 

)7,042 

] .... 951 
Y·.85t1 
36,762 
36.1)63 

3",<)6) 
3,.,.461 
3/,).),:>5 
31'>.:?1j(j 
36.130 

36.020 
3';.913 
)":i."hl 
3'L ... tSo 
3';,SOl 

'Gf" 

37 .'>'/\9 
]'.J93 
36. '4') 
36,0',1) 

Log Kp 

IP>FJNI0 
!'I1.''l) 
'lO.153 
;:00,4'.:11 

30.0i'lt 
35,3<,19 
]ij ,lOll 

- ;:06.;S'5 

30 • .:113 
29,6 9 2 
21:1,'>16<1 -

19.341 
1 ~. 169 

12.36(1 
10.393 

fI.tl99 
1.7]5 
6,605 

2~. <'liP. 4,"tv 
2'.':;")7 II,Ull 

2t'!.1105 3.661 
26 , (,)AEj J.JS3 
25,36t'! 3.UtlO 
2Q.6.:jQ .. 2.11]':; 
2],93) ",615 

23,21t'! - :t'.11 11'1 
2Z,~(lO - 1',£"3'5 
<'1.7(iR 7.070 
21.017 1."'19 
20. 36~ t. 'au 

1.0'52 
1.':134 
1."'210 
1.32? 

16,d41 .. 1.221 

16.\'!;,> 1.1)" 
15. ~Q4 l.u55 
1~,711<'l .'H1 
14,055 ,<,10) 
13.3.,9 ,t) 3<l 

12.671 
11.965 
11.302 
10.6\Q 
9.937 -

9.7." 
Po.')!'.? 
7,909 
, .2]4 
I). 56 ~ 

':;.1199 
5.233 -
11,':177 
3,90c. 
l,21ilQ 

?, ~!\7 
! • 9 ~5 
1,2!1'5 

,634 
.0)1 

.0':.9 
1.]0r. 
1.'>111'1 
2.')82 
3.<'72 

.769 
• TO/:l 
,6')0 

,.,9':1 
.543 

.280 

.243 
,20b 
• i7t.1 
.142 

.u2(. 
,1.)00 

.026 

.'.IS0 
,UT] 
.096 
,117 

NCO RADICAL {NCO) (I D}.AL GAS) 

Poin t Group C",v 

$298.15 55.~B:t 0.2 gibhs/rr.ol 

Electronic: Levels i!nd Quantum Weights 
-J 

Stdte. ~;, em ~ 

X
2

fiJ/:t 

95.6 

A2L'" 22802 

B
2n n8ll 

GF'...! = 42.0173 

,)HfO ':: 38 2.5 xCiil/mol 

.lHf29S.lS 38.1 "2.5 ked/mol 

Vibrational FrequencIes and Degeneracies 

Bond Dis'tance: N-C = (1. 23 ) 

Bond Angle: 180 0 

Rotational Constant: 3
0 0.3891J 

Heat of Forrn.a.tion 

-1 
~ 

1922 0) 

535 (2) 

1215 (l) 

C-O [l.lSJA 

cm- 1 

cr = 1 

CND 

Okabe (1) has measured the onset of photodissocia'tion for the process :1NCO(g) .. Heg} '" NCOCA 2 L) d,S 7.73 :t 0.01 eV 

078.25!: 0.25 ked). This result in combination with JANAF auxiliary data Cl) in 6Hfo(NCO, g) :: 38.':: 2.5 kcallmol. 

Dixon (3) hAS discussed the diffuseness in tile 2n_ 2n bands of NCO above 33700 and Concludes this is due to either 

predissociat:lon ar u~resolved groups of lines due to a perturbing state. Assuming the dissociation is to NC 2 D) + CO(ll) 

yields D(N-CQ} ~ ~l kcal, or <.IHfO(NCO) 2. 4~ kCdl/mel; assuming the products CNC 2
l:) + O{3 P ) then DO-le-O) .:: 97 keal, or 

i.lHf!{NCO) > 55 kCdl/uol. Milligan 4.O.cl J,lCOX (Q) confirm the diffuseness and observe increased ar;"IOunts of CO. Thus, they 

pre~er 'the-,fir'st cissocidtion mechanism which ;avo:"S ilHf;(NCO) 2. 41.; kcal/mol. ,A.n upper limit to 'the heat: of for:rta.1:ien 

ca.n be obtained from. HNCO(g) (1,) by assuming a. m~ximum DOl-NCO) ~ 122 keal, equal to D(!i-CN), which yields <lHfO(NCO) ~ 1.<5 

kcal/mol. Another estimate may btl. obtained by maki.ng the re.5.sonable assumption that the SUlI', of 'the atomization energies of 

NCN ... NNO equal thos<:; of NNN + NCO, wl');!re the central atoms are simply :interchanged. Using respective atomization values 

(1) of 282, 264 and 242 kcal yields 304 kCdl for NCO, or' ";Efc,(l'lCO) :: 38 kcallmol. It appears that: the diffuseness in t:he 

spectrum is not due to predissociation, since all the est:imat:es and lr.caSUI'ements fall belo ... the vdlues calcul.ated 0:: 

t:hat basis. We adopt JHfO{NCO, g) :: 38 j; 2.!! kcallmo1. 

l-iea't Capacity dna Entropy 

The electronic levels) structure, and \17. are from Dixon (1). The \11 and \;3 vibrational frequencies are from the matrix 

isolation data. of Killig<i11 4TId Jacox (~). The individual bond lengths are 'those selected by Milligan and Jacox (~) t:o 

fit the over'all leng'th detern..ined by Dixon (l) • 

Refertlnce.!'~ 
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2. JNlAF Thermochemical Ta.bles, HNCO(g) 12-.31-70; HCN(g) 12-31.-69; NCN(g) 12-31-70; NNOCg) 12-31-6l,o; NNN(g} 12-31-70, 

CNeg) 6-30-69; H(g) 9-30-65. 

3. R. N. Dixon, Phil. Trans. Roy. Soc. (London) llli, 165 (1960) and Can. J. Phys.~, 10 (1960). 

4. D. E. Milligan and. H. E. Jacox, J. Chem, Phys. ~) 5157 (1967). 
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NCN Rad i ca I (CN
2

) 

(!deal Gas) GFW - 40.0246 

____ gihbs/mol____ kal/mol-----
T, '1{ CpO S" -(GQ-WDI)!T H"-H"_ LiUf' .o.cr LooKp 

a 
100 
200 
~9tl 

JOO 
<00 
'00 

'00 
700 
'00 
000 

IvOO 

uac 
1200 
!Joe 
IliOC> 
l'>UO 

160(J 
!TOu 
1800 
IYOO 
2000 

2100 
,;0(1 
'3011 
?IIVO 
2,>00 

1'600 
2'00 
~/IOO 

?'iOQ 
3l.iOQ 

3100 
3200 
3300 
JIIOO 
3:>00 

3600 
)lOQ 
]800 
~\lUO 

t.lOOO 

11100 
A200 
q300 
1:4!JtI 

4'100 

IlO()(\ 

4700 
.qI:lOO 
,,900 
'Juoo 

~ 100 
S;.>OQ 
')]00 

.., .. 00 
':>'.lOU 

"000 
5700 
",000 
5900 
60UU 

.OOV 
1.291 
1.>.9;:>3 

1v,(1)1.i 

lv.l1)3 
11.03~ 
11. MI)~ 

111.344 

j<I,lI ll tl 

14l.M17 
1'1.633 
14 .6"~ 
1" .67~ 
11.1.">'12 

101,'01:1 
1 ... 7'2 
1".13" 
)<1.'4/'1 

)'4.'''/'1 

j'". r..,~ 
jll,7711 

1",.7P,2 

1'1.'<;1" 
1",rO( 

1"4.803 
114,/1.1'., 
1"."'10 
1<1.8;:>2 
1'l.tI?tl 

1". 8~" 
14.81l1 
1".0 4 7 
loll./l"" 
l<1.~'''l 

j14.e"'l< 
j .... tl7o 
1" • .<18<1 
i4.1)9? 
)",9111 

I" ,910 
1"'.9?U 
1".931 
l .... QII;? 

1 ... 90;1.1 

1 ... 9t>6 
i<l.'H'i 
, ... 99) 
l~.oor 
J::'.O?2 

.000 
44,61'1) 
50.2113 
SQ .035 

5011 ,090 
0;7.130 
59,664 

61,692 
63.6113 
.... '5.569 
<')7.167 
6~. ~(l5 

1i9.9211. 
71,\42 
71'.1'1'2 
7)')£7 

711.3\4 

7').241. 
76.111 
76.9 44 
77.730 
7S.Hi' 

79.189 
79.669 
1'00.'520 
IH,t1l1l 
61.711) 

,114,912 
.'15.381 
p.~ .8)6 
86,277 
~6. r06 

IH.12] 
67 .~29 
1'\7.92" 
68.)09 
"6,61'14 

89.0'50 
A9,408 
«9.757 
90,099 
"'0.4]2 

90.7S9 
91.079 
91.392 
91.699 
92.00U 

"', .2"'~ 
92 ."I'l~ 
92.B69 
'013.146 
9),4<'3 

93.692 
Q3.957 
Q.q.<!11:! 
9'1.1.174 
Q4.7:?7 

INf" 11111 f[ 
62.160 
54.'123 
0;4.1),35 

';4,035 
';11.1143 
""}.243 

56.1 'l 
0;70131 
se,ndl 
"", .00q 
'j"'.R?,; 

.... 0.7116 
61.'562 
62 •. H3 
;,l.(J90 
.,3,1100 

.... '1. ~ 9;:! 
1')~.l'jO 

.... 'i. 7~J 

........ ~ v 1 
('6.Q77 

... 7.542 

.... e .087 
(>1\.613 
.... 0.122 
69,"'1~ 

10.n93 
70,5')6 
71 ,006 
71.442 
7l.eb7 

74.1 9 7 
7 4 .547 
74.1'0911 
'/'''.;;>33 
7'>.564 

7::'.fl69 
16.700 

( 

121 

77,11.1/01 
T7 .71)1 
71' .'963 
7~. 2f.,1J 

71'1,'::>32 

r8,799 
7'11 ,061 
7 V.)1'" 
79.,)7; 
7\1.1'122 

AD.06! 
.'10, J09 
AO.546 
.... 0.780 
'!1.01U 

?4IlF\ 
\ • 7 ~ S 

.93o'i 
,000 

.019 
1.<)77 

2.no 

J.IIH 
r.,t<.\l9 
6.007 
7.347 
03.711 

11).096 
11. 11 96 
12.908 
111.3)0 

15. 7 "1 

t1 .199 
t!'1.1')1.I2 
2n."'~ 1 
21.5.:.,3 
23.000 

24.4';9 
,. ... 'n\ 
,.1.]65 
2j\./j';2 
30.31'0 

39';11)0 
40.l'-37 
<0('.1]'3 

43.59] 
4,) .07? 

40 .~52 
46.033 
4",'51 4 
')0,99':1 
52. 4 79 

53.9(>2 
5'5,II{.(> 
"ifo.930 

61.3 K8 
6,).875 
6J3.]03 
~5 .~~d 
67.341 

6 A • A3? 
71') .323 
71. li 16 
73.309 
74./;!04 

76.]00 
77.1'9('. 
79.,.96 
60,''''6 
1:I;'I.?96 

112.871') 
! 1?~69 
11 ;>.907 
Ill.OO\) 

11 
Ij],fl 
II ].2)0 

11 
11 
11 
11 
11 

1\3.1'132 
113.1'195 
113,94( 
In .992 
11 11 .f)J<J 

1l 11 .062 
I I Ij .0/'1.'\ 

'I r,., 0'>' 
lP.12;' 
11'10140 

11101.1'>0 
114.1'.)5 
11<01.15" 

11"'''::'''' 
114.t ~6 

1\ /1..1 ~O 
1110.143 
114.IJ.r. 
114.12<' 
1\Ii.tU 1 

11 4 .0'>1\ 
11 4 .°'2 
1\4,05v 
11 4 • 0 27 
t14,nvl 

111,9f) 
113.94 4 
113, 0 12 
1!LR79 
113,,,-,,4 

113."06 
11).766 
113,'2011 
113.6bv 
1\ 3.6]Q 

l\l.Sti' 
1l. 3.':'31:1 
113.a!l5 
111.4]1 
i 1 J,)70 

111.111 
113.:>...,11 
1130\,:<11 
113.1]' 
II '.011'" 

Ill.00] 
U?,Q)5 
1 1 2 ,I) 6~ 

117,792 
1];::>.71'" 

June 30, 1966; Dec. 31. 1970 

1!2.tl7t> 
112.239 
lIl.6(1l 
UO.~.(l\ 

I"H"I~IH 
<'1I'5.2QA 

... 121.<">'57 
tll.)22 

80.tlll 
00.221 

]10,921'\ 
110.21'0 
IU9.46: ... 4r,11511 

)9,601 
33,699 
29,<!69 

ju8.719 
1>.17. ~36 
lor.13.'1 
IO~. 3;::>6 
11.15.';0') 

.. 25,/S19 
23.0<;11 

I04.67<j 
I03.!:!,>} 
10 3,000 

.. 20,797 

11)2.15.'1 -
IUI.311 -

100.116\ -
99."'11') -
91'.1';1'1 

91.907 
97.05? 

9e. .19~ 
9':1.341 
Y4.487 ... 

91.9;::>1 .. 
91.01''5 
90.2, I 
b"'.356 
bl:!.SOl.l 

elf .6')0 -
elI'),79fl 
tl'5,':ol411 

b5.096 
bll,211j 

I 6. ~ 12 
17 ,31b 
1':0, "'16~ 
1.\1,7"'1 

IJ.rn 
l?,$Oe-
11.991 
11.267 
11),1>05 

10,011 
Q,lj71 

"',"'713 
e,'526 
6.110 

7,777 
7,37j 
7,04\ 

6,179 
'J,92'" 
~ .69;.> 
'::1.470 
'::I.2I1U 

63,)9 1 ~ .06] 
b? ,Sll] ",076 
1:11.697 - ... b99 
1:10.8"'2 ".531 
110.0(14 ... ]7\ 

4.<:19 
.. ,07" 
].937 

r .. ,67(, 3./:106 
7<;.76] .) ,b~ j 

7'l,911i1 -

711.10" -
73.269 
72.1l,)7 -
f 1 .')<">5 -

70.751' 
6'.,>.9n 
69.090 
611,2'JQ 
67,Il32 

60,1'100 
tI':o.771 ... 
611.1111'5 
111.1.121 
II] .293 .. 

3,561 
3 ... 41(, 

3.J]6 
3.2]0 
J.I?9 

3.0]2 
2.'>']9 
2.b49 
7,76) 
2.679 

7.')"'9 
2.527 
2. 4 "17 
2.31'; 
2.30'-> 

NCN R.ADICAL (CN
2

) (IDEAL GAS) GfV = ltO.0246 

?oint Group D"", lIHfO ::: 112.9 5 ked/mol 

S;98.15::: 54.01.!. 0 .. 01 gibbs/mol 

Electronic Levels and Oua.ntul!l __ I<!~~E.h_t~ 
-1 

State ~ ~ 

X3:C • 
A

3nu 30384 

a1(l (38000) 

lIHf298.l5 '::: 113 5 kcal/mol 

Vibra.t:ion41 frequencies dnd Degeneracies 
·1 

Bond Dist4.nce: C-N:: 1.232 A 

Bond Anl/;le: N-C-N:: 180' 

~ 

1197 (1) 

423 (2) 

1475 (1) 

Rotational Cor-stant: BO = 0,3968 crn-1 

Heat ot" Formation 

Oka.be and Mele (.!) hdve measured the photodisBociation onset of the p!'ocess 

eN·N
3

(g) ..... NeN(g) ... N:.:(A
3

l;) L\Ho 1119.3:t 2.5 kcal 

CN
2 

Using Llrlfi9SN2(A3!;J lL!.3.S ked/mol (.?) dnd lIHfi98(CN'N3, g) .. 107 3 ked/mol (1'> we obtain aHf29S (NCN, g) 113 i 5 

kcal/mol. 

Heat: Capact ty and Entropy 

Th~ X IUId A electronic levels, groU:'1d state structure, And rotational constants aN: from Herzberg and Tra.vis (~), the 

./iIi) level is cs'tima'ted fro]:! the work of Schoen (..§.). The: vibrAtional frequencies have been obse:r-ved in the. rn4trix-isolated 

species by Milligan and Jacox (~, 2), Wasserman et al. (..§.) have confir:ned 'the ground state is linear and triplet by 

electron par-a.magnetic resonance. 

References 
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Calcium Unipositive [on (Ca+) 

( ! dea I Gas) GFW . 40.0745 

----.. ""'lmoI---~ 
T,"" CpO ,. -(G~-H<lDI)rr W-HO_ 

° toO 
700 

'" ".960 38.369 lA,369 ,000 

300 1i,96t1 ].IJ,400 31'-.36'>1 ,009 
4')0 ... 9"'0 )9.829 )P-,56i1 .'506 
>00 ... 9r.tJ ~o .937 )A,QJ2 ! ,00) 

,00 ",'ill'>to 41 .I!~ J )Q.34/i 1.'500 
/00 11.9"'1;\ 4;>.609 ]9.7';' I. Q 9., 
600 4.9!'itl 1.13.212 Ang J50 ?lI'i1) 
>0O ... 96tJ 4l,IS'57 111'1.535 2.9QO 

1000 II.<J~I:I 41.1.31!!1 41'1,1\9'1 ).41'11 

... 9111:1 4G.$'i1l ~ 1.233 ].911l! 
",.01)1:1 <I~. 287 41.'\'5J .!!,!ltlO 

IJ00 .. ,960,1 1.!'S.6S.r. Ii\ .11150, 4,91"{ 

1400 jj ,969 46.05] QI'.I./12 .... li71l 
1';00 ... 911 46.395 4?llot~ ';.91 1 

11-,0,)0 ... 97';1 4..,.716 4'.67<1 fo,46f\ 
1700 <I.98u 47.018 4?9?() 6,9(,6 
II'1{)O ".91'1 .... 47.303 a ~. 1506 r ,465 
1900 :'I.O n" lI7 .~73 ·q .• 3tH T.90'" 
?UOO :'1.019 Ill.5)0 1I ~. 591 fI.4b'j 

2100 ~ ,Otl2 4~ .Ol~ .n,flo5 R.96!! 
noo '>,0 7 1 48.311 ./111,001.1 Q,4711 
230u ~. 107 48."i37 411.197 9.Vt!l2 
'AOO :::..1"\1 45.755 u.362 10.49'i 
2')00 ,>.:;>02 48,966 1:14.561 11. 0 13 

'600 '>.260 49,171 44 ,13~ 11,5]6 
2700 '>.Ho 49.37t 4/1;,903 12,06') 
211UO :>.IIOu 49. ~!i6 4'5,1'166 1,,(,01 
2900 :l,lIl'Il 49,751 ·0;.221.1 1).14") 
3000 :'I.S"'!:! 119,9411 11<:;.))'6 13,1'19'; 

31UO :),661 ':IO.PS 4~.529 16.7':19 
3200 ,.fS'" 50.310 11".615 1A ,6J<J 
)3')0 ':1.1'1 .... ] '50.111\t! Q"j ,1"18 l';,lIl! 
]401) ;,,9 7 v '50.1'165 4">,9';1; 1<'..00) 
35UO c,OoHU ";0.8110 lI6.09!) 1(>,60'5 

]000 c, t9(l 51.012 ./I6.2:?Y 17 .219 
.1700 c.]Oo "it .15.0. 4 .... )61 17.eu 
lllOO 0.421 SI.353 41'.,a90 1A,t.r.1I0 
HUC c .':i]~ '51,522 4"'.1'>1' 19,1<" 
4000 0.6i1Y '51, 65~ 11",.742 19.7111 

!- 11100 0.762 51.6511 1) .... 116;0 <"0,11,.1\ 
4200 0./'.73 'i2,01fj 1I .... 9A':I ?1.139 .., 4300 0, Q~ 1 ')2.161 liT. 1011 <1,1;137 

:r 41100 1.0.'17 '52.3113 117.221 n,S)6 

~ 4~OO '.ll'1fo, 52. ~Oll 117.337 :?3.?..:9 

n 400U f.2t16 52.663 47.451 23,',",,3 

".. 111'00 l.lA" 52.AlO 41.'564 ?4 .1'0~ .. 4f100 (,4f(, '11.971' 47.6n 2'5.449 

:3 11900 1.5"i1.l "i3.13:( H.r8S ';If..?OO 
'jUUU f,bJ" '53.25~ 117 ,89) 2~, 960 ,.. 
5100 (,709 ";3."31' IIA.OOO ?7.727 .. 

:" 5200 1,779 53.587 110'1.106 n.SOl 
5300 (.811) 5).736 1I"!.?ll /1',1.::>82 

C 5400 f,'FI) <;3,153) IIA,31:' )0,010 
I) ~.,OO (,9<;7 '54,021i 4.11,1117 )O,r'o6] 

}; 
5600 c,()I1¢ '5.11.1'3 4J1,,'>19 31.661 

< ':I70U 0,0"'1 1)4. J I ~ 4.'1 .''d 9 :"12. 4 64 
";tlOO o,09l. S4,.u<;S 4 A ,719 33.2?1 

~ '5900 0,1'5 54.59'1 4A.IHl ]0.0112 
6000 0,1'55 54.130 4A.914 311 .1I~6 

,!o> 

Z Dec. 31, 1970 
? 
.!'" --0 

" .co. 

kOill/mol 
"u .. OCI" IAlgKp 

11\<;.302 175.336 '"' 126. ~2S 

11'I'i.30; 11'), 274 127.61H 
I ~"i. 66".0 171. !'I15 - "'3.\101'. 
10"'.013 16A.J6A - 1'3.602 

\.5';.3')6 164,1'131 60,O/JO 
16..,.695 161.216 - 50,3)4 
Hlo.696 157.58) 4J,Oo;,0 
IM,Al/.! 153.9)5 - 17.380 
11'1 .... 027 I~O.27) 37.t!1.I7 

H'I".96] 146.606 - 29.128 
1"''',163 1430089 26,060 
1,0.5,4)7 139,')7? 23,'1611 
1A".1'lI t 36 ,O)a - ?t.c]6 
18S.98S 132.&176 - IL302 

1 ~6, 25~ 12",699 17 ,607 
16"'.'):13 125.306 16.109 
149.91'i 122.37r IIl.tI~9 
150.412 1 '20. ~ 31l · 1).!:!99 
IS0.911,) 1!'oI.Udl - 13.0:33 

151.407 117.669 - 12.246 
1')1.906 lP,>.051 11.529 
15',1103 114.410 10 • .51'1 
1")2.90Q 112.74A 10.£67 
t53,)'H Ilt.065 9.709 

151.1'190 109.361 · 9.19) 
1':>61.35l 1I)1',&)Q ~. 713 
1"'4,1I69 105.90f'l · 8.766 
15'i.J5J ,011.147 1.1i48 
\<;<;,Ajl 1020369 7,1158 

156.300 IUO.S7i1i 1,U91 
t<:;6.)'62 9d.1'l'4 6,106 
IV.?tJ 96.95l1 - 6,421 
1 'V, 6~4 9"i.t :;>? to.lll1 
151:1.001 93.277 - 5.1:124 

t';I;\,49) 91,419 - 5.550 
15r1,A90 59.550 S.290 
15 9 .26',1 137,61'1 S.04? 
1')Y.62-,} !l5.'a, ...... 11.007 
,..;',1.96'" 8.3. ~I'i 3 - to. 5~ 3 

160.""':! "1,9),1' a.lTO 
160,')08 bO .065 4.166 
160,IH!i; TfI,U) - 3.97? 
1610119 7"'.218 3.'Ab 
161. H' 74.7['.4 3,608 

Hd."~<; 7203117 
1",.7)<,1 70.407 
!,s1.9;)f) 6B.46? j,II1 
11',2,0:3 ~ 66.51'.1 2."67 
11'>? ,I ~<! 611,~6? ;;>.62] 

162.2/10 62.610 2.683 
16::>,32J 60.655 2.549 
I~?) ~ 4 ~6.1'OO 2.421 
t62. 4 09 S6,743 2.(,97 
t"'2.424 :'11,71:15 2.177 

16?4?J "2,829 · ?,O6? 
11'>7.40' 50,1173 I.Y51 
16:;>,]75 1:16.9!f. 1.llId 
11'-".330 116,9(01 1.1.110 
111;l.2tl tlS.OOS 1.6)9 

CALCIUM UNI?OSITIVE ION (Ca+) (IDr;AL GAS) Gi,./ ::; 40.071.\5 

Ground State Configuration 25
1/2 MifO 183.1 ~ 0.3 kc"l/fl!.ol 

Si98.15 38.369 0.005 gibbs/mol cHfi9S.1:5 ::: 195.3 0.3 kcal/rnol 

Electronic Levels and Quantum Weights 
-1 

~ ~ 

13650. :2 

13710. S 

25191. 5 

25414.4 

51167.0 

56839.3 

56858.5 

SaS3S .0 

60613 .2 

68057,0 14 

Heat of formation 

Ca+ 

Moore (~) gives the fit'st ioniza:tion limit of ca.lcL.l.ITI as 49305.72 c:m- 1 (1~O.971 kcal) , Using this value in conjunction 

loIi'th the JANAf t,Hf~(Cd, g) ': l.i2.714 :t 0.3 ked/mol yields lIHfo{Ca"" 1 g} ::: 183711 !: 0.3 kCal/m,?l or ~Hfi9B{ca+ g) = IBS.3Q2 

kc,il/mol. 

Heat capolci ty and Entropv 

Hc>o'r'e {l} gives the ground. state configuration and electronic levels. Levels above 70,000 c:n- 1 are not used since 

they do not 4ffect the thermodynamic functions. 

The enthalpy HO-H29B = -1. 481 kc&l/col. 

Referenc(lS 

L C.:t. Hoorc, NSRDS-NBS 311, 1970. 

2. C. E. Moore, U. S. Natl. Sur. Std. eire. 467, 1949. 
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Calcium Hydroxide (Ca(OH)Z) 

(Crystal) GFW 2 74.0948 

----gibb:s/mof---_ 
T. 'K CpO S' -(GO-W'BIII)!7 

0 ,000 .00') lkrI~IH 
,00 1.7 rl Q.t !7 35.160 
200 1~,y90 l2~ ttl? 2l,7j/ 
2Qf'l 21,).910 19.¥30 19.930 

'00 20,98(.0 20.060 \ 9,9)0 
,o0 2J.5?O 26.A'/') 7U,781 
,o0 710,800 :11.1:164 22.419 

600 ;:'5.801) )6.474 
J_q(L ___ ?~J ~.9_0 _____ '!.o_ ... ~?~ __ _ 

?II .lI3t. 
26.451 
2~~44-2---IWO 77.1:100 4il.170 

900 2ij. 800 117. ~02 
1000 2 Y.8QO '.)0,569 

1}00 
'200 
, 300 
\.\100 

]0,600 
31.BOO 
3;'>.800 
B,BDO 61.2"1 

JU •. F7 
12.24/'1 

)4,04'" 
35,760 
)7 .451 
39,06.1 

kcsl!mol 
H"'-H~!r18 OHr OCr' l.ug Kp 

30384 233.594 :«33.594 !NrI.l,ilf( 
301 04 2350.001 ,., 2215.11154 499. 2~5 
1.549 235.'587 .. 221.630 24:?Je6 

.000 ... 2J5.~1'I0 .. 214.746 l'H.Ilt) 

.0)9 235.679 .. 214.61 7 156.He 
'.27a. 235 • .tIfI .... 207.61 9 1 J 3.436 
4.69) 23";011113 .. 200.669 61.7;n 

'.2:n .. 2)4,719 .. 19).8H 70,60'50 
_ ~~ I!~~ ___ ~ __ 2)_4_·7 .... 2_2 ____ ~ __ t~ ~ ~ Q!? L ____ 2_6_,_ 4..<U. 
1?St!3 .. 233.989 ~ 180.H3 49,265 
1",413 233.5)7 Pl.6!)2 420169 
t"',)II) .. 2l).O~7 .. 167.02'" 36,'::103 

21 ')73 
?4.50) 
Z7.733 
31,063 

.. 232.550 
23).7911 
13?fl8'.i 

.. 231.89) 

.. 160 •. 1105 
153.761 

~ 147012 9 
140.569 

H.&18 
2ei.001i 
24.73" 
<'1.9.Q4 

Dec. 31, 1971. ______________ ..J 

" 
CALCIU~I HYDROX!DE {Ca(OH):,>' 

5 298 .15 :: 19.93 .!:. 0.1 gibbs/mol 

Td 7911.7 K 

Hea"t of Fc"(':r.ation 

( CRYSTAL) G:fW " 711.09!J.8 

.lHfO:: -233.59 1: 0.3 kcal/mol 

£lHf 298 15 :: -235.68 ~ 0.3 kcal/mol 

uHd :: 23."1 kcal/mol 

CaHZO Z 

Taylor- and Wells (i:) mea~urecl heats of solu'tion of C~(OH)2(c) and CaO(c) in dil\lte HCl dod obtained [lHr e (298 lO :: 

-15.58 1: 0.1 kcal/mol for CaOCe) +- H
2

0(f.) ... Ca(OH)2(c) which leads to .lHf;9S'CdCOr!)2' c) :: -235.68 .!: 0.3 kcallmol using 

JHf 29S (CaO, c) :: -151. 79 ~ 0.21 kcaJ.fmol (2) and l:.fffi98(H20, tJ :: -68.315 kcallrnol (1.). This value, -23;'.69 ! 0.3 

kcal/rnol is adop"ted in the tabulation. T}1ey also me"su":",ec directly "the hedt of hydration of CaO to Ca(OH)2 and found 

<..\Hr c (Z98 K) -1~.43 ~ 0.1 kcallmol which leads to i,Hf;9S(Ca{O!i)2' c) :: -735.53 kcalfmol. BOch measurements are in 

very good agf"'~ement. Liter'ature .'.,Hr~ data (~, i, ~, 2, !) det:ermined by "these ,wo methods were t.;ithin the limit of 

-15.1l ~ O.J kca]/mol which is in good agreement .... it:h the value adopted. 

jANAf analyses of va~r pressure data (2., }...Q, l1.J for CaCOH)2(c) ... C.dO(C) + H20Cg) arc listed below. The data of 

Ha.1.ste<ld (.=!) and Tamaru ClQ) are in good agreement, but the pressures reported by Johnson q,}) are too low due to 

fdilur-e to reach eq\lilibrium. The heat of formation derived f!'olT. third law .)Hr of Halstead or Tamaru is in good' 

dgrecment ~ith the value adoptr.d. However, the decomposition of may yield non-standard stat<O! CaO ill the final 

:;or-oduct which was shown in a similar decomposition of J~g(OH}2. "table (3.) for details. 

C.a(OH1](C) .. Ca?(c) '"" H
2

0Cg} 

No. of ,',Hr29B • kcal/mol Drift .lHf;gS(Co!I(OH)2' c)-

!r:ves"ti.gu"tor Method ~J.~~l 

Halstead (~l St:atic 63:'-776.5 

Tamar" (1.2) Sta."ric 594-775.5 

Johnson <.b.l1 Stdtic 663-1304 

"3rd law wHr is used 

!ie~ t Capaci!.Yn<!l]_4_ Entropv 

Points 1D-~ Jrd Law 

14 n 54 

25 51 

26 95 

in the calculation. 

2 5 76~O .15 

25 9l.!:O.07 

26 77~O. 21< 

~ (kcal/;nol) 

O.2!:O.4 

-0 8!0,3 

-0.5.!:l.O 

-235.35 

-235.50 

-235 • .36 

Hatton e"t <il. C~2'> 1l'.easured low ter.-.peratur'c heat capacities from 19 to 330 K in an adiabatic calorimeter. Their 

smoothed Cp vdlues have been adopted in the tabulation. Kobayashi <lll mea.sured higr. "temperature heat capacities from 

310 to 670 K in a heat-conduction calaril".eter. Both low temperatl:rc and high 'temper~"ture heat c.!1pacities are smoothly 

joined at 29B K. Heat c.lpacities above 670 are estimated based on the ext!'apo1ation of the measured Cp curve. The 

entropy, S298 :: 19.93 .!: 0.1 eu is der'ived from the adoptee! low temperattl'("'e Cp values, based on S· '" 0.070 eu ,Jt 20 K. 

Decol'lposition 

Td is the temper~ture at which the vapo":"' proessure of H
2

0(g) reaches one atmosphere. The heat of decorr.positian at 

'fd for Cd(OH)2(c) ... CaO(cj is calculated as 23.7 kC<ll/moL 

Under the prcssure of bars, Wyllie and Tuttle {~} found Ca(OH1 2 melts congruc..r:."tly at 1108 K. 
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Calcium Oxide (CaD) 

(Crystal) GFW -
~~~~-gibbs/mol ~~~-

T, "K CpO s· -(G~-Wao.)n· 

G .000 ,O{lO IN'"JNTTE ,0. 3.5! 7' 1.,fIdH 1 ~ .531 ,0. ~ .OJ:l9 5.501' 9.997 ,,, 1\.1,01'7 9.1 )l 0,133 

11),096 9.195 "'.133 
11.1/111 t7.261 .... '544 
11.11''11 !4.B1J:l 10.350 

,0. 12,0.<.5 16.91't2 11,21"9 , .. J:2. 3~2 lfl.862 17.231 
"00 ll,S24 20,0;;:01 13.166 
900 le. 6O " n,D06 t .. ,OtH 

1000 12.843 23.3'51 1 e .9;?9 

1100 12.978 ('Ii .5o.'!! 1'5. rSI 
1200 I J. lOS "",716 t";,'53'5 
1300 13.:"Q 26,110 t 1.?8~ 
1600 D.B" n.75 ll 17 ,996 
1500 13,""0 ::'6.61'6 t_,671 

1600 13.5·H~ '9.50;.0 to.);;O 
1700 t3.6"~ 30.375 19.9>;5 
\ !'I 00 D.7f19 ll.1"i9 (,1),'5')6 

1900 !J,B], 3 )1.906 ';>j .13" 
;:>:000 13,9 1 5 32.6()0 ?1.f>91 

:<'100 , .0,076 33, lOS 22.228 
noo 1.11.171 :\3,9/12 ??, '1'46 
'300 11.1,2 1 7 34.'594 :>'3.2 111 8 
2400 14.31'6 l';.204 ~1.'I'31 
2500 14.475 l5,793 :;'1,Q.20 a 

2'60'0 14,'574 3t'-.JII2 ::'4.661 
2700 111,6 7 7 3('.,9111 '''i.t0 4 
;.'laOO 14,71'0 37,4';0 20;,5)6 
,900 l4,M8 H,970 ,o;.9';i5 
JOOO 11.1.9,.".. JB •• 1I75 " .... 364 

55.0794 

HO-HO_ 

1,"13· 
1,"iOIi 

.1\91'1 

.flOO 

,019 
1.01'11 

'.')2 
l.G?! 
4,64! 
"i.1I1'\4 

7,145 
e,II?? 

9.70 
il.OF 
1'2.334 
!),I:067. 
,.,.001 

16.3'5' 
P.rt3 
t o ,{)IlS 
20,1161' 
21."59 

:?J • .?,.,2 
24.1',1'4 
;?t'>,097 
?1,"i)O 
,~.Qn' 

30,425 
J!."Ar 
H.J'"i9 
34.I'I/q 
36.313 

kClil/mol~~~-_ 

~Hr 

1 ~O .995 
151,467 
1'5I,7,}0 
!"i!.790 

1"iI,790 
151,71 4 
1'51.')61 

1 '5 t • ~ 20 
1'51,2'.1)2 
l"t,39t 
1"',J89 
151. 11 )1 

1'51.517 
153,4;>9 
153.'61 
,"iJ.085 
,":>.901 

15:>.709 
1'57.0:;09 
1I'1 Q .t9') 
fAA.16Q 
11'l~.H7 

1<'15.560 
111'5.1'22 
IA4 .... Ii ... 

1I'14.?15 
11'3.772 

&Gr' 

.. 150,995 
149.16") 
146,126 
144.?41 

l /Iii ,200 
1 4 1,680 
13901i\4 

136.1'?0 
13Q.?81J 
!31.th,5 
1;(9,40(, 
126.9S1 

124.507 
121.1'194 
119,;:13 
I i~, "'6"> 
n4,070 

.. 111,467 
IOfl,911 
10').61'1\ 
tOt ,050 
96.tU6 

9! .86) 
87.301 
82.761 
U'.240 
'/'3.1]9 

- 69,256 
M·.1'!}1 - bO.ll'l:( 
55.9f)Q 
51.49) 

Log Kp 

INn'4lT[ 
32'5.""'HI 
160.134 
105,135 

105,049 
77 .410 
60.831 

1119,800 
hi, \)?S 
36.018 
31.41;::] 
,)1,746 

24,7 31 
22.100 
20.0~1 

16.l1? 
16.620 

15.l?/! 
14.00? 
12,831 
11.623 
10.539 

9.5!0 
8.673 
r ,861i1 
7,125 
6,446 

5,8;7j 
5,24011 
4.710 
4.20 
3.7".il 

lIDO 1"}.Ot't3 '~,9f\8 76,76] 31',11)4 1I~l,H1 47,09(\ 3.310 

-~-~~-~ ---- t ~~ ~~~-- ---~-:-;fa----~~~H-~------;~~~~~---; -1~~-:-;-}}---;- -j~ !i~~- -- ----}~~U 
3400 \5.3"i-'5 ':'0,372 7'1',903 42.397 lA2.t05 '"' 33.96'5 2,1e] 
J500 i5 ..... 2 /lO,819 211.265 .11].931''' !!'It.llll 29,61111 1,e49 
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CALCIUM OXIm: (CaO) ( CRYSTAL) GN ~ >5,079' CaD 

.HHO -150,99!: O. n kcal/mol 

S;98.15 9.133 0.03 gibbs/mol ,jHf298 .1 :. '" -151. 79 ! 0.21 kcal/mol 

TIn = 3223 ! 15 K ilHm~ = f 19 2 J kcall;nol 

Heat of format:ion 

Huber- and. Holley (1) deterrr.incd the heat of combustion of calcium l!\etal in u bomb calorimeter and derived the heat of 

forma1:ion of ca.lcium oxide (c) as -lSl.79 '! 0.21 kcal/mol which is adopted in 'the tabulation. The adoptf'!d value is in good 

agreement: with the value, -151.9 kcal/mol (~) derived from solution calorimetry, 

tiedt Cilpaci ty and Entropy 

Gmclin (1) measured low tempera:ture Cp data from 4 to 300 K in an adiabatic calorimeter. We use his smoothed Cp values to 

derive 9.133,! 0.03 e\l based on S" 0001 eu dt 4 K. Lander (,;:) determined high. temperature enth~lpy dat;) from 563.6 

to 1175.4 K by drop calorimetry. The low temp€rat\,l!'e Cp imd high t:emperclt:tlre en'thalpy dii.te ace smoothly joined at: 298 K by <l 

polynomial curve fi'tting method. The deviations of the observed enthalpies 'from t:he adopted vdlues .:lre about 0.2-1\, except: the 

enth.:ilpy vulwe dt 753 K (2.0\). Heut cap<lciti<:!s above 1200 K are ext'!""apolated from the adopted Cp ~unctions. The extrapolated 

Cp dt the melting poi.nt {28S7 10,14.8 gibbs/mol, is in reasonab1e ag::-ocement with 'the va1uo:! 2 x 7.25 gibbs/mol S\lggested by 

KubdSche.wski (1)). 

Combination of 'the ea:::-lier low t~!r.tpera.tur't'! Cp measurements of Nerns't and Schwer'S (28-S0 K) (~) .md Parks and Kelley 

(87-293 K) C!) yields Si98 ::: 13.5 ! 0.2 ~U, based on S;8 ::: 0.04 t<U (,Q). These Cp measurell'.ents are less accurate than those of 

Grnelln (~.>, dI1d dI'e not adopted in the tabuldt'ion. 

fiscr-.er and Ertmer (1) determined high temperatur'e enthalpy d<lta by drop calorimetry in the temperature r-a.'1ge from 0 0 'to 

I7l5·C. TIle accur,lCY was claimed to be approximately ~!jL \<o'e hdve !'lot adop'Ced their enthalpy datil in the tabuldtior. si.nce the 

heat capaci'ties which we derive from their data arc always less than those of HgO (.lQ) when the'temperature is above 1000 K. The 

deviations between their en'thalpy data and the adopt'ed values are dpproxiF.ldtely 1.8% at 693 K, 3.3\ at 12B3 K and. 5.3\ at 1989 K. 

Mcl tins Da'ta 

5chneidE'1:' <l_ll reviewed literdture data (U, g, ~, ~i) for the mel ting point of CaO and selected the value 2867 K based en 

Kanolt's obse!"'vations (11) with proper corrections for the temperature scale change. However, Foc>! (l§.) determined recently the 

melting point as 3223 K in a solar furnace using oil ci,l,1ibrated pyromc't'er. His method was ro<!LHively free of Contanina't:ion be't'".lcen 

sample holder and sample .)t high temperatuI'es. feel( also found the measuremen1: of Ka..rlOH: would be fa.lsified by 'the presence of 

tungsten suppOt't:s in contact with calciwn oxide. The latter will react with metallic 'tungs'ten to form W0
3

,3C40 at high 

temp~rature. This may be the reason leading 'to d lower mel'ting poin't in K<t,.''101t's meitsuremen't. The val .. :e, 3223)( is tentatively 

adopted in the tabulation. 

The heat of melting is assumed t:o be 19 !: 2 kcal/mol which is calculated from the esti.mated 65m· = 5 ell i):t the melting poin't. 

The .1att:er is estimated to be the same as that: of HgO (J,Q). 
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• Calcium Oxide (CaD) 
• · (L i qu i d) GFW 56.0794 -

--~ctbbs/mol---- local/mol 
T, 'K CpO so -(G"-H"_){f HO-H":nre 6H1" 6.Gr" I...ogKp 

0 , .. 
200 
2 •• IU.067 14~eO' \4.806 .000 .. 13];251 .. 12'7.di05 9).390 

'00 10.096 14.1568 14.806, .019 tll.257 .. 127.369 92.TSe 
'.0 llolA4 11.934 1').217 1.087 .. tl1.1U 125.416 61!l.524 
500 U ~107 20.ler \6.023 2.'212 .. tn.QUi Ul.4M 'H.n? 

600 12,065 22.655 16.952 h421 112.837 ... 121,591 44.289 
700 ~2.122 2·.535 17 .904 4&641 1]2.709 .. 11901"22 H.l'I"9 
800 12.S2e 26.194 18.839 5.684 .. 2312.8!HI 111,851 32.19'5 
'.0 12.694 27.619 19.740 7.145 .. 132.856 115.915 28.163 

lOCO U.U) 29.024 2G.602 6.422 ... B2.1!096 ... 1111.091 2'.9)6 

II 00 12.'He 30.254 21.U4 9.713 132.984 ... 112.214 22.295 
1200 13.105 31.389 22.20!! 11 .017 13&.896 UO.l6e 20.064 
1300 13.22. 32."3 22.955 12.334 D&.1'26 ... 108.115 U.116 
1400 thug 33.427 23.669 13.662 • 134,SS2 .. 106.01l1li 16.559 
l~OO ll.IIjO H.3'H 24.350 15.001 .. 1]/11.368 1003.0&6 15~ 160 

1600 1l.,S8 35.223 25.003 16.352 13·.116 '" 102~01l 1l.9)7 
trOO 13.665 )6.04118 25.628 17.713 .. 13],916 .. 100.02& U.!59 
1800 ll.769 36.8)2 26.229 19,085 .. 170.662 9T.356 t 1,I!I21 
1900 13.813 37,579 26.807 20.461 .. 170.227 9".295 1,.0.13\ 
2000 14.500 38.315 21.36" 21.902 U9.l"C2 · n.l5' 9.15" 

2100 14.860 )9.0]2 27.903 23.370 .. 169.228 &5.2&1 5.1!172 
2200 15.140 39.1]0 28."24 24.871 .. 168.681 81.261 8.013 
uoo 15.340 40.401 U.'illl 26.396 .. 168.128 H.lOO 7.345 
2~O.O 1'5.&60 4t.063 '29.421 n .. 9n .. HT,5~2 · 13.362 6.661 
2500 lS.50C 41.695 29.901 29.435 .. 166.995 · 69.4'0 6.011 

2600 lS.U9 42,297 30.366 31.01' ... 166.653 65.556 5.5t t 
2700 14.93& 42.865 JO.I!Il9 32.525 .,. 165.951 tlt.6fH! 4.99) 
2800 l".7):a 113.lIoa 31.259 3.II.00S .. 165.465 · 51.e34 ".51t 
'2:900 1".589 4).919 11.6&7 35.l17l .. t63.D50 · 5].991' .,069 
3000 14.'500 .4."12 32.103 36.92'1' .. 164.6"5 · 500114 3.655 

HOO 1",'500 14.887 32.'501 l8,H? .. 164,:e61 "6.365 3.269 

H~~-- ---}i~~~~---- :~~-:-:-:- --- -i~! ~g~- ~- --!-~-:-iH---:-1 ~~:;;~-- --:- --j~;in --- -- -}:-:-~-;-
!a00 18.500 46.22'1' Jl~660 42.727 .. 163.2-'2 · 35.006 2.2'50 
)500 14.500 86.6." 34.025 44.177 .. 162,951 · 31,239 1.951 

]600 14,'500 4T .055 34.381 .5.62'1' .. lU.66& 21 • .t79 1.668 
)700 1".'500 41 •• '53 34.729 47,01'T ... 162.4'511 · 2).726 1,401 
)800 14.500 41.839 )5.069 48.527 .. 162.2'50 · 19.979 1.1"" 
)900 !I.SOO 48.216 n."ol 49.977 DO 162,019 · 16.239 .910 
",000 14.500 06.583 35.126 51.421" .. 16t .9&0 · 12.502 .653 

11100 14.500 118.9U U.04. 52.817 .. 161.6)5 8.766 •• 61 
4200 14.'500 119,291 36.lS5 '4.321 .. lIH.r6) 5.0:,. .262 
4300 \4.'!tGQ 11.9.6,2 36.66Q ~'!I..n7 .. 161,121 1.302- .066 
41:100 14.500 69.'16" 36.959 57.227 ... 161.725 2.A26 .121 
'500 14.500 50.291 31' .252 58.671 .. 16t,r~6 60159 - .299 

June 30, 1971 

CALCIUM OXIDE (CaO) ( LIQUID) GFW ;: 56.0794 CaO 

S296.15 [14.806 J gibbs/mol uHf298 ,15 = r -133.257 i kcd/mol 

TIll ;: 3223 t 15 K OHm' {19 2] kcal/mol 

Heat of FOl'm.ation 

uHf 29S Ct) is c<!.lcula:r;ed from dHfi9S(c) by adding ilHm and the difference between Hj223-Hi98 for crystal .s.nd liquid. 

Hea t Cap:!!d ty and Entropy 

A glass tr-ansition is assumed <It 1924 K. Hell.'t capacities of 'the liquid below 1924 K are assumed t:o be the salll!!! 4S 

those of the crys tal. Above 1924 K the he",t C4PllCi ty is assumed to be cons t4nt at 7.25 call deg· (i' atom) • 

The ent::-opy at 298 K is calculated in a manner ana.logous to that of the hea't of form..l:tion. 

Mel'ting Data 

See CaO(c) table for c!et4ils. 

Decomposi'tion 

CaO(t) does not '11:.,?oriz,e simply "to CaO{g}, and e"l'.'tensive dissociation. of CaO(g) to Ca{g) W4S found 

mass-spectrome"trically (1.). 

Reference 

1. J. Pelchcwi"Ch, Philip 'Res. Report 1,42 (1954) . 
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Calcium Sulfide (CaS) 

(Crysta I ) GFW - 72.144 

____ gibbsfmol ____ 

T, "K Cp' S" -(G"-w •• )rr HO-W.-

0 .000 .000 JI'iF'lNlTE 201 51 
100 6.201 3.460 22.61" 1.915 
'00 10.081 9.226 14.'53. 1.061 

". ll.lli' 13.526 1l.~U8 1000 

3.0 11.l53 13.'59& 13.523 .o;n 
.,0 11.600 16.941 11.981 1.15 • 
>00 12.00Q 19.595 14.&47 ii!.H4 

600 12.200 21 ~80J IS,e2a 3.58" 
100 12 •• 00 23,691 16.819 4.1'.114 
8.0 12.600 2'5.3U 11.76:; &.Q64 
90. 12.800 26.tl6t U.712 7.334 

1000 13.000 28.:1120 ,19.596 8,62' 

1100- 13.Z00 29.468 20.437 9.9.)4 
121)0 1l.400 30.626 21.239 11.:i!c4 
POQ 13.600 31. 700 22.003 12.614 
1400 u.eot! 32.721 22.133 13.9,,4 
1500 1·.00U 3).680 23.431 15ol7t1 

1600 U.200 34.590 Z •• SOO U.7U 
1700 1'.400 35.457 24,143 ttI.fllll 
1600 11.600 36,286 ZS.J61 19.66. 
1900 1,4.800, 37.0,80 25.951 21.134 
2000 U.QOC H.U'S 26.SlJ 22.6ZIl 

2100 U,200 36.S81 21.089 24.134 
2200 lSo,aO 39,293 27.62:8 2'5.66_ 
2300 U.600 39.982 23.150 21',21" 
2"00 u.eoo 10.650 2&.6S7 28.7e. 
2')00 16.000 "1.299 29.150 )00314 

2600 16,200 41.931 29.62'9 31.984 
2700, U~400 42.546 3D. t'iI~jl6 H.61" 
2&00 16.600 4l~146 30.5501 35.264 
2900 16.&00 43.732 )0,.996 36.9]. 
]000 17.000 U.lOS 31.UO 38.624 

Dec. Jl, 1971 

6HF 

113.227 
.. 113.3&9 

11],1610 
... 113.500 

.. 113.501 '" 112.290 81.603 

.. 114,014 111.&60 61.117 
'" 111\,468 111.259 48.631 

114.766 .. 110.se& IIIO.2fU 
114.989 109.849 3&,296 
128.5S7 .. 110.341 ]0.144 
128.577 .. 108.063 26.241 

.. 12&.6]3 .. lOS. reI 21.116 

!21J.724 10),093 20,562 
.. 130.630 101.041 13 •• 02 

130.U5 98,5&2 10*)1'3 
.. 130.212 96.139 15 e UO" 
.. 13Q,020 . 93,712 13.65 • 

.. 129.716 91.29lf 12.471 

.. 129.517 &8,901 11.1129 
166.131 55.e3Y 10.122 

.. 165.610 U.J9i! 9.362 

.. 165.071 76.974 8,411 

.. IU,5iS 1l.SS4 ., .~5" 

.. 163,941 65.216 6.177 

.. 16),152 - 61,&81 6.0TO 

.. 162.748 59.568 5.42" 

.. 162.129 ~5.281 lI.el] 

.. 161,199 - 51.'02\1 4.2&9 
160.65& 46,7I!Pi 3.HH 

.. 160.20& 42,572 3.323 

.. 159.550 ]&,Ul 2.692 

.. 15&.8S& - ]1,213 2.492 

CALCIUM SULFIDE (CaS) ( CRYSTAL) GIW ':: 72.11l4 

lIflf'; _113.2 0.5 )ccal/rr.ol 

5;98.15 13.S 0.3 gibbs/mol 6.lIfj9B.15 -113.5 0.5 kCdlJmol 

Tm:::[2673]K 

H.cat of formation 

WartenbeI'g (1) measured the heat of solu<:ion of CaS j n hydrochloric acid solution as 6Hr :: -20.6 ! O.Il kcal/mol 

for CaS{c) + 2HCl(30 H20, aq) -> CaC1
2

C30 H
2
0, aq) "" :-1

2
$(g). We derive c.IH

29S
(CaS, c) :: -114.0 ! 0,6 kcalJr.lol based 

on the following C!uxilidry data; !lHf;9S(HCl 30 H
2
0, aq) :: -39,357 kc.l1imol (1,), D.~fi98(H2S, g} :: -4.88 kcal!;r.ol 

(.J) and !lHfi9B{CaC12 • aq) :: -208.47 kcal/mol (~). 

JA..~Ar analyses of studies of Rosenqvlst (~) ;,nd Uno (lQ) li.sted below. 

No, of llHr 6 (298 !()(kcal/mo1) Drift 
t.Hf

29S
(CaS, c) .. 

Investigator R.eac1:ion ~ __ ~~L _J~9_~ 2nd Law Jrd LdW ~ (kcalimol) 

Rosenqvist (.2) 1031-1698 12 15 .19~O. J 14.03 -l.O~O.Z -112.90 

UnQ (12) 1173-1373 Equation 14.2B 14.04 -0.2 -112. 91 

Una (,!Q> 1173<"<.373 Equation 23.01 23 OS 0.03 -1l3.31 

A: CaS(c} '" H
2
0(g} ... CaO(d .. H

2
SCg) 

B: CaO(d ~ 0.5 5
2

(g) .. CaS(cl ... 0.5 02(g) 

3rd law llHr 6 (298 K) is used to derive 6Hf29S (CaS, c) 

The calculated 3rd law uHr"(29B K) may ho;lve an uncertainty of 0.5 kca1/mcl since the JANAF free energy functions 

are partially baseo on 'the estimated Cp eldota. (above 300 K). Thus the heat of formation of CaS(d derived from 

equilibrium studies is in re4sonably good agreeJll.ent wit:h that derived fro,," heat of solution studies (l) within 

combined expel"'imentcl.l errors. 

A weighted avel'age, '::'Hfi9S(CaS, c) -113.5"': 0,5 kcallmol is adopted in the tabulation. 

Heat Capacity and EntroEY 

CaS 

A.l"1derson (2) r.leasl.:red low temperature heat capacities from 58.1 to 2911.9 K in an illothermal calorimeter. We have 

smoothed his Cp data by d polynomial CUI've fitting technique and obtain 13.5:t 0.3 eu based on Sso = 1 192 eu. 

The v41uc of Sse is calculated from the cOlTlbination of Debye and Einstein (El
D 

:: 2814 <lnd Or = 369). Heat 

capacities above 300 K are estimated graphically. 

Meltir.g Data 

Literature melting ddt<4: for C.,.S(c} <'!re not avai.ldD1e, The melting point is very roughly est"im""ted to De about 

"]400"C (~). 
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2

(30 aql 40 CaC1
2

(" H
2
0, aq), using uHf

29S
CCaC1

Z 
. ""' aq) ::: -209.6~!4 kC6.l!mol. TI,e heat of 

dilution, -:: -1175 cal/mol, is obtai::ed from -tiL data by l.ewis and Randall (~). The heat of forma.tion, 

~Hf29!/CaCl2 <r H
2

0, aq) :: -209,61.>4 kcallmol, is calculated from .uHfi9S{Ca..... <1' H
2
0, aq) = -129.74 kcal/mo1 

(~) and uHf 29S (Cl- <C H
2
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Chlorine. Monatomic (C i ) 

( Idea 1 Gas) GF\1 = 35.453 

~----gibbs/mol----[- -----kcal/mol----~ 

T, "K CpO s~ -(GO-li"'DIIl)rr 8 9 _H°.-

c .ooc ~ol)O '''lFINITf - 1.499 
100 4.968 33. "Pj4 43.<175 - 1.0('>2 
20::1 !) .038 37.410 39. nb .5C) ,.6 S.lI9 39.454 39.454 .000 

3" 5.223 19.487 3<0.1,':14 • Gtc 
40ll 5.370 41.rill ).Q.661 .<)40 

'" 5.4?6 42.218 40.0'56 1.~8l 

60(' 5.44') 4L21C 40.502 1.625 
70C '5.424 44.048 40. <;I~O ?'e LbO? 
$0'] , .389 44.771 41.364 2.7lC 
<'IC:) !I.l51 45.403 41.7<;6- ] .247 

1000 '5.314 4'5. 'l65 42.185 3.7aC 

II 00 5.279 46.47C 42.552 4.309 
120'; 5. Z48 46.<;28 42.8"a 4.816 
noo "'.221 47.34 7 4~.224 0,.3'5<; 
140C 'i.19e: 47.H3 43.SH S.881 
1500 5.17e; 48.0"C 43.Sl'.) 6.1<;19 

160C S.156 48.4210 44.102 6.915 
noo 5~ I4iC 4E.136 44.36'5 1.43C 
1800 5.125 49.029 44.b16 7 .~4? 
190C '!i. lIZ 49.306 44.AO,6 8.4')5 
2000 5o.IOl 49.568 lOS. cas a~ 9b5 

2IOr, 5~ Cq C 4'>.aH> 45.305 9.47'S 

2200 S .. 081 ')0.0'33- 4'5.'51'-' 9. '9 Bolo 
23!J1'J 5~on '.io.n~ 45.7U' 1)~qCH 

240C Sc066 5')~495 45~ 912 l0..'998 
2500 5.059 '>0.701 4h.C'?9 t l~ 'i04 

2600 'j.O,)3 5~. Sqq 41>.280 17.('10 
2100 5.')46 51.fJ<'lC 46.{,,')5 l.2.'H'5 
2800 ') .. 043 '>l.l74 46~624 11.0zr. 
.2qoo 5.038 51.45C "-6.187 13.52"-
3000 5.0]4 51.b21 46.94') 14.071 

31'JC S. c~c 51.786 41. :)99 l4.'53C 
3201) 5.027 ')1.946 41.2"-8 15.c:n 
3300 5.0?4- 52.IOC 41.3<l) 1').'536 
340:) 5 .. 021 52.2o;C 41 .. 533 Ib.038 
)SOO 5.0U! 52.;96 47.610 16.54C 

"3600 '5 .. 0\5 52.'317 47. e01 11.042 
31el) 5.013 52.b75 '('7.Q)1 17. 54 ~ 
3f1CC 5.011 52.8CB 48.060 18.044 
39'00 s.ooCJ ,)2.Q]il 46.! 83 18.545 
4000 5.01)7 53 ~,')65 48 ~304 1'9.046 

4100 '5.005 ')3~ I eCJ ,,[;.421 1,>.S41 
4200 5.0('4 53.309 41'1.'536 20.041 
4)")0 5.002 53 e 427 4S~649 20.547 
4400 5.0i)1 53.S42 48.7'58 Zl.04/! 
45CC 4~Cj!9q '53 .. 654 loS .S66 21.548 

4600 4.QQ.g 53 ~ 764 48~971 22.C41 
41CO 4.991 53.812 4'1 ~074 22.<;41 
48Ce 4.99t '5l~ "117 4q~ l76 73.041 

"'laO 4.99'5 '54.0S0 4'9.275 23.5-4t 
'500e 4.994 ')4.181 4Q.H2 24.')46 

510) 4.'993 54.280 40; ~ 406 7 24.54'5 
S200 4.992 54.317 4<;1 .. ')60 Z'L044 
S300 4.991 ')4.472 4'1. b'52 Z5.'543 
S4JO 4.9'90 '54.56'5 49 .. 742 2b.C42 
'5SeQ 4.989 '54.6'57 49.S31 26.S4l 

')bOO 4.989 '54~ 141 log .. '9UI 21.0100 
'51CC 4.98B '54.83'5 SC.00) 2' .'539 
5aOO 4.987 54.922 'ie.CS7 2B.036 
5900 4.981 '55.007 '50.170 28.'537 
bOCC 4.986 5'5. C91 50.2')( 29.03'3 

.&Hr &Gr" I..oR Kp 

;:>9~ SA 7 
2!l~n6 

28.812 
.2 e ~ qB9 

28~ <j'H 
2<;1 .. 1C6 
2<;1 e2? I 

29 ~ 331 
2'9~435 

29~ 513 
2'J G 6?5 
79.111 

2<} ~ 197 

3C G 13R 
~O. 191'1 
)0 • .756 
30.317 
)0.3b'5 

30.411 
JO.467 
JO.SL,) 
30 ~Sbl 
3(1.6C5 

28.'i3H I NFIt-jJ 'fF 
27~5qS - bO~315 

U~~4()S - 2a~R'5'S 

25e110 - lB.45e 

- 18~3I9 

21 .. 168 -
19 .. 79'1 -
18 .... 15 
17 ~021 
15.615 -

L4.201 -
12~1S\ -
11.354 -
9~'92l -
a~4a4 -

7.042 -
5.')98 -
4.148 -
2.0'11 -
1 .. 242 -

~1l6 
1 ~616 
3.1 '31 
4 GoOI 
6.067 

13.029 
9.841 

7.710 
b. H~2 
'i.031 
4~ 133 
3.411 

2.822 

\~nb 

.962 
6710 
.504 
.310 
.l3b 

.022 

.l66 
.298 
.4l9 
.530 

)C .. b4<} 7~S3,) .63) 
.129 30.6<;10 9.00') 

1':- .129 - to. 41'3 • ala 
.900 
~ q78 

30.76& - 11.948 
3e. flC2 13 ... 72 

)0.S3'5 
·~O. 661 
30.RQ1 
)O.CJ2b 
30.952 

30.'H8 
31.ool 
31.023 
H.Oft4 
31.063 

31.061 
31.097 
3\.L 13 
H.llS 
11.141 

31.154 
11.167 
31.t78 
3L« I B9 
31.200 

3L.259 
31.26B 
31 ~ 211 
31 ~ 28b 
31 ~2'l') 

- 14.8'16 
- 16.HZ 

17.8'£'6 
- 19.H'i 

70.80'5 

- n.2a3 
- 23.763 
- 2'5.244 
- 20.124 

28.206 

- 29.611.8 
- ll.ln 
- 3l ~6'j4 
- 14.ll6 
- 3S.b2e 

- 37.1C'4 
- 1oR.'5S7 
- 40.073 
- 41 .... 56 
- 43.041 

1.00)0 
I. liB 
1.182 
1 e241 
1.299 

1.1';3 

1.'583 
1~62? 

1.660 
I ~696 
1.730 

- 44.575 le9GR 
- 4b.010 le'1)4 
- 47.496 1.959 
- loB. ge2 1 .. <;162 
- 50 .467 2~00'5 

- <d~954 

- 53.441 
- 54 ~q2,) 
- 56~ lol) 
- <;7 ~!l~6 

2~ 02 A 
2 ~04c:; 
7.070 
2.090 
2. \O<;l 

March 31, 1961; June 30, 1972 

CHLORINE MONATOMIC (Cl) (!DEAL GAS) 

Ground State Configuration 2P3/2 

5;98.:;'5 3S.45l1. ~ 0.005 gibbs/mol 

Heat: of forr.tation 

Electronic ~~~_~§ __ ~~9 _~uan't .... H:\ Weigh'ts 

-1 

~ ~L 
0.00 

901.35 

CI 

C;fW " 35.453 

t.HfO:: 2B.SS7 0.002 kcal/mol 

llHfi98.15 la.98~ 0.002 kcalfmol 

llHf" is the value adopted by the Comll'littlole on DAta for Science i\nd Technology (CODATA) of the International Council 

of Scientific Unions (l.). This value ;.;"s obtained from D
O

(C1,) ::: 19997 ! 1 crn-1 derived by Leroy and Bernstein (~) from 

~n41y5is of absorption bands observed near the dissociation lift.it by Douglas et al. (~). ~Hfe is 0.07 kcal/mol mot'e 

?Qsit:lve. 'than on the previous JAl~AF '1'a'ble (~-,. 

Heat Capacity and Entropy 

Elec'tronic levels are from Radziemski and Kaufman (5), who also give morc than ZOO levels with valu.es greater than 

71000 em-l. These excited levels are omitted since they-dO :'lot change the calcuh.ted functions. The calculated entropy 

is the same 4S that adopted by CODATA (1). 
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Sulfuryl Chloride Fluoride I 50
2

C IF) 

(I dea I Gas) GFW - 118.5142 

----gibbs/mol----- kcal/moi 
T. "K CpO s· -(GO-H~:Q!.)rr W-H"ne ~Hr 

0 .ono ,ono p"r PH r[ :3. ~ I t.I 131.?)0 
to' ~. ;99 ')8.314 A~.:nJ ' .... 91 lH.Q6i! 
?'O lJ,8JlQ "1>.1 "I'J 7'\.Rt'~ 1.'530 t3' .... 06 

'" I7 .111 72 • .3'56 72.3')6 ,000 1)3,000 

,00 17.160 7:?Q6? 72.)';6 ,n3? 133,006 
00' 19,3 1'5 1'1'.1<'2 13.0')8 l.II"'!! 1 33.132 
,o0 2v.916 "'2.2:n 7l.l.,Q'">2 J.1!611 tH.?62 

,00 22,012 86.137 1 .... 0E'lO 6.034 \3C.S7'5 
100 22.1"0. 1',9.5 9 ;> n,1(16 ~.?11" 13 4 ,71'" 

'" 2), 3-'" Q2.67~ )'Q,lIlI,; IO,'I8A It.l7.Q63 

9" 23.8,S 9'5.4",9 61,IHO 1?.9409 1 07 .1'36 
1000 211,1"'0 91.9A7 "2.6)1 1') d/lQ jQ7.494 

1100 2","'0 100.302 194,140 17 ,779 141'.?41 
1;:>00 2".6'6 102."36 a~. ')l"T ?o.?:H 14".975 
1300 '4,790 1001 .... '0\1 1'\6,951 22.70) 141'>.11(' 
1400 24.9?1I 106.2'56 !lB.?"" ;:05.11\9 IQ6.ue 
1'500 :?!:l.O'5 101.9,110 69.'5<'2 ')7,"P,), 14",172 

tl\,OO 2~,ln 10101.,)99 90,127 )0.195 14,),900 
110n 25,'20) 111.P',Q 9!.81\2 3;:0,112 14 5,621.1 
1801} 2~, 7«.1; t12.5",1 92.9 Q 2 35.'30; 111";,)60 
1900 2!:l.3,4 113.9]4 9l1,ose 37,7""0; III"; ,09) -
;>000 2~. )'12 115.:n5 95.0t'S 110,301'1 1414,R30 

21 0 (1 25,41 4 U6,H4 96,0 1 10 4 .... 1\)9 ,114,'511) 
noo 25.40;0 t 17 .... "T 97,0;>8- 1.1 "i. ~.II2 ! Q4. '17 -
')100 25,4.'17 11B.TAQ 91,9'50 4)'.9,,9 t.ll 4 ,066 
2/;100 25.!:110 119,13)'1oi 98,1'1111 50.1118 111),821 
?SOO 2'5.5)4 120.916 99.11H 53.0)1 1 411 ,'562 

2 ... 01} 25,5",6 1;<'1,918 100.'539 '5S.5A') 143.3'18 
2100 25,51'e 122.13f12 10,,3118 51'1.I.Q? 1 11 3.120 
noo 2'.'59/;1 123.813 11')2'.134 i\,O,100 14'-.1!91l 
?900 25,610 1?1I.111 102,8 9 7 6].'61 tll'.(,82 
3000 25,6'4 1?5,')fI,O 1('13.639 6'5 .A~' t42."111 

l100 2::',6U 12,-".4;::00 1/'I4,HO 68.l8'5 1"',;::070 
l;:OOO ;::05 .... 119 127.::'311 InS.Ot'l2 70.9 ... 0 t4,.07" 
)300 0'::',6,<,0 I{'A,O,/;I 11'!'\.71l6 73."115 1 4 1,A82 

25,6 1 0 121'>.1"'0 1('),,>.1'1) 16.01\' lal.i\,QA 
25,6'1"9 129.')34 107,06) 7A.649 \41,')20 

HOO 25.6/17 130.258 lIH ,697 81.217 t ll l,H6 
HOO 2~.6Q" 1'\0,9"2 II'lA ,117 83.11.17 t41.11'9 
J600 2'),70? IJI.M7 I/'1A.9?;( 66.l')6 t41.0t 7 
J900 2:,0.71)9 13:?3l5 Il'lo.~13 88.9;::07 140,860 

~ 41)00 25.715 132.9(.6 110.091 91.498 1"0.109 

.... .!lIDO 2;:'.171 133 .... 01 111),6,)7 914.070 14il.'i62 
::r .!l;?OO 2~.nf. IH.?:?I 11 1 ,<10 9t'l.",.Il:? t40.1l;:!0 
'< &300 2;:',731 1 'U.8?6 111,7')3 QQ.?l'} Il10.tla'! 
!" 41.100 2'J,7.,!; l1'i.4t8 117.1A4 ! 0 1 , 71~ 1'1 141'1.150 

4500 
n 

25,140 13'5,996 11?604 1014.36:;- ,,,a.021 

::r 4",00 2;'.144 1'6.562 11'.)15 106,9)6 1 ~9 • .".9'3 

"' 4100 2'J, T4] 1-31.115 In.Al') lO9.';1l tlQ.TTtI 
? 41'\00 25,7"1 137 ,657 lit!. )06 U7.I1R6 H"."'56 

01900 25.7"Q 138.1,'18 1111,71\6 1111 • ..,61 139.0:;41 

"" 5000 25.1"" 13!'1.709 11').'",1 1 11'.?37 !19.4]O 

~ ')100 25,160 139.2t 9 1 t,).7')6 11 9 ,/112 1 ~9. 3:?2 

C 0;700 25.7"'3 t ~9. 7 t 9 11".163 !:?',lA9 1"\9.'1'5 

III 5)00 2~. 71,6 !1I0.?IO 111'1.<'1)2 124,96'i 1)9.111 

P ';coo 25.768 10'10.6(,12 117,07] !:?7."i1l? t ]0,1112 
~'500 2S,nu 1iil1,I6Q 117.50& 1)0,119 I ~A. 912 

< 5,",00 :?~.n3 14 1,67 9 117.93] 132,,,96 131'!.818 

l!- .,700 2~.17;' P17.08S l1A.l0;3 130;,';7) \ VI ,725 
'5~00 2~.117 14;::0.533 11-,"''''6 I IT ,,'1'5 \ Ill'! .... 3) 

.!" 
5900 2~.P'9 14;::0,974 11 9 ,112 1110.fi?Q Ilill.'5U 
~OOO 2~, HiD 1/13.407 119,'5!3 143.1)01} 13;11i • .GI58 

Z 
!' June 30, 1971 

!" 

..g 
'I 
-I> 

~Gr logKp 

t31.?)11 INrlNITE 
12<1,068 262.016 
12'5.90) 137 .519 
127.521 e9.810 

122.A!>6 69.?09 
l1e .6'1'9 11,04.9'52 
11'5,09.:1 SO, )01 

111.:n5 40.515 
107,<,96 33,499 
10'1. 6 ~ 1 2e.,SeQ 

91),'),1 2 4 ,096 
93.5eQ 20,511 

85.1.!99 iT .5f!3 
83.169 15.147 
77 .8"'1 13.090 
1<!'.'H6 11.3)0 
67.3)0 9,601 

6,-,061 8.41'7 
5"'.5?1I 7,306 
51,614 6,267 
46, 41 11 5, J3A 
.111.225 II ,50'S 

36,0',» 3.751 
)O.R9(1 3.0"'9 
25,741 ~,1)"6 

20,600 1,876 
1'5,47? 1, J'!IJ 

10.351 .870 
'5.241 ,424 

,14t) ,O! t 
a.951 - .Jls 

10.OU .73' 

10:;,1''5 1,066 
;<,0.197 - 1.379 
;<'5,;64 - i.673 
3n.l2Q - l.950 
3'5,382 - 2.209 

40." 3~ ,.40;5-
4'5,4_5 :?6!T 
SO.'!I,9 - 2.906 
55.'363 - 3,U" 
61'1.601 - ).3n 

65.63! 1.49,rt 
70.6'51 - 3.617 
15.61'14 - 3.847 
1'10.704 11,009 
85.1n 4.163 

9n.7)9 4,311 
9~ .1'51 4.A"j, 

100.160 A.'HIS 
105.768 4.711 
11 O. 169 .a,all2 

U~.17(, .!l,961 
12".1'7.., - 5,076 
12'5.77!! 5,181" 
130,770 - ~.29] 

135.770 - 5,395 

1110.761 5,119) 
\4"J.TII8 - 5 .'5~R 
150.711"j 5 ,6~0 
lS'5.1('6 - 5,1'66 
160.1,0 '5. !'I '54 

SULfURYL CHLO!UDE FLUORIDE (S02Clf) (IDEAL GAS) GN ~ UB.5142 C I FOZS 
Point GI""OUp C

s JHf; [-131.2 5) kcal/mol 

S;98.15 72.36 0.4 gibbs/mol uHf296.l5 (-133 t 5) kCalilIDl 

Ground State Quantum We~ght '::: [1] 

Vibrd.tion.;l.l rrequencies and Degenera.cies 
1 1 -1 

~- ~ ~ 
1228(1) 501 (l) 1457 (1) 

B2Li (1) Li23 (1) 47Li (1) 

629 (1) 300 (l) 30B (1) 

Bond Distance: 5-0 :: (1 1.104 J A S-f::[l.S30]A $-C1 ::: {2 0111; 

Sond A.."'1g1e: o-s-o:; [l23.5~J Cl-S-f = (96.06·1 (] ::: 1 

Product of the Moments of Inertia· IAIH1C = [1.11-037 x 10-113 ) g3 crr.6 

Heat of Formdtion 

:lHf
o 

is cstim4tcd as the mean of the dU
s 

vdlues (.!) for S02F2(g) a.:1d S02C12(gl. 1'"b.i5 corresponds to use of the mcal"! 

bond energies, D(S-I") '"' 74 a.nd D(S-Cl) ::: 36 kcal/mo1, from S02:2 and SO;;:C1
2

• respectively. The reSUlting values of uGf

dre consistent with those method.s of preparation for which thermodynamic test:s lH'C possible. Insufficient data preclude 

tests for prcpdr4t:ion of S02ClF from Agf 2 , Cof 3 , Mnf3 and SbF
3

. In other cases the tests are not stringent. since the 

calculated values of uGr aN large and negative for the observed reactions. 

Hea.t: Capaci ty and E~ tropy 

The point group and symmetry number are consistent wit:h ar:alysis of "the spectral data, but the detailed struc"turc 

is cstima"ted from known coordinat"es of S02C1 in S02Cl1 (l,., 1) a.nd Sf in 

reliable since the S02 coordinates a.re almost idtmtical in S02C12 and 

angle of 107.7
0

, 4TI O-S-F angle. of 106.4' and principal momerrts of 

and Ie :: 29,30 x 10- 39 g cm 2 

(2, ]). This es"tirnate should be qui te 

The reSUlting str-ucture hdS an 0-5-C1 

of I
A

::: 16.47 x 10- 35 , IB ~ 29.0B x. 10- 39 

Vibrat::10nal frequencies are bdsed on infrared spectrd of the vapor (~) a.nd confil"'r.led by Raman spec.tra of "the liquid 

(~). Birchall and Gillespie (~J assigned 6(rSC1) "to a weak Ra.man band at 195 em-l, but force-constant: calculations based 

en S02ClZ a.nd S02f2 predict a value near 300 em-I (2., JJ. T"t appears th.J.t the 't:wist(rSCl) and oCfSCll are nearly 

accidenta.lly degeneNlt-e, so we a.sS~gn them arb~traI'~..ly to the Raman band at 308 cm- l ,u\d the ~nfrared band at 300 cm- 1 

The adopted 4ssignmtmts are those of Toyuki a.nd Shimizu (Q) a.nd Pfeiffer (2). All adop"ted values lie between the a.n.alogous 

modes for S02C12 and S02ft!' 5(rSCl) = 195 CD",-l is unli.kely since it would lie below 6(C1SCl) 209 cm- l in SO?C1
2

; also 

the i.ntensity of such bending modes should be strong net weak (1). 
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[ron Dichloride (FeCI Z) 

(Crystal) GFW· 125.753 

~----gibbs/mol---_ kcal/mol 
T, "K Cp' S' -(GO-IrISI)(f W-H~ftil Alii" 6GI' Leg Kp 

0 .000 .000 tN.rHI!H l·&6Q · nollO · 62.3-20 INFlNnE. 

I" 12.1I!i4 10.70) 03.476 . 3.271 · 82.'507 · 73.916 r72i tH l 

,0' U •• 90ll 21.118 29 • 8 28 1,738 · 8,-.116 · '1''$'·')2 32'''50 

-" Itl.J'3 26.1 90 2801 90 .000 · 81. 100 · 1"2.270 52. 97 5 

,0' Ib.JOO 28.30) 26.1 90 .034 · 81.692 72.212 52.606 
.00 19.041 ]).681 26.91 9 1. 90 5 · 81.211 · 69.115 H.T6) 
,00 19 • 5 12 ]7 .983 )0.316 3.11)4 · 80.876 66.120 28.901 

600 19.86) 4\.512 3j.90t S.AOJ" &0.506 .. 6].20" 23.022 
700 2\.>.1/1.6 U.bS7 :n.~O!) 7.1\04" 80.172 .. 6D.:ue le.lIli 
sOO 20.437 41.366 3~.014 9.e3~'" r9.!195 ... 57.537 15,113 

Yb-~-~-----~~: ~ ~ i -----:-~-~~-}:- ----~~ ~ ~ H------g-~~~} ---; --;~ ~~~~~ . --:- --~f;~ ~~. -----!-:-:-~-:-~-
t 100 ;U.O]6 5).976 )Q,371 16,06'50 · 7Q.854 · 49.203 9.1'16 
12 00 21.165 ''is.8Ui' .110.666 13.1 1 5 · '1'9,801 · 46.42& 8.4'5'!o 

1300 21.262 57 .510 41. 897 20.,96 · 79,"11 4).653 'I' .140 
leO O 21.340 59.089 .1,.01'19 22·.121 · 'I'Q.023 · 40. 9 22 6.358 
1500 21.39:3 60.563 all.t S7 24.561 · 71!.646 18.2.\" '!I.'!I68 

leOO 21.4J~ 61. 9 .5 allj.<,IIjAII 2«' .'0~ · 11'l.2St · 35.5)0 11.853 
1 700 21.1167 63.245 ..... :1'15 2~ ,fl50 · 73.220 )C.Ul 4.225 
1eQO 21.41\8 6l1.41) 41'.252 30.998 · 11.IHa )0.202 l.U1 
1900 21.499 65.635 a",189 ll.lli1 · 8t."1" · 21.365 30148 
20 00 21.5 00 0 66.7]8 .19.089 JS. 291 · e I_ 2lS Z •• S)O 2.6 15 1 

I -. ". '"'' "0 ". "" 

IRON DICHLORIDE <FeC1 2 ) (CRYSTAL) Gn' 0 125.753 C I Z F e 

llHf; ,.. -82.3 !: 0.1 kcal/mol 

S2SB.1S 28.19!: 0.8 gibbs/mol 4Hfi98.15 -81. 7 j: 0.1 kca.l/aol 

'I'm :: SSOoK uHm e 10, 2B 0.05 ked-l/mol 

.1HS 298 ,15(to IOOnomer) 108.0 t 1 kcallmol 

iLliS29ll.1S(to dimer) 60,3 1 kcal/mol dimer 

Heat: of formation 

Koehler and Coughlin (1) d~1:ermined IlHr29B.1S :: -!j..06 :".: 0.05 kcal/rnol for fe(a) '" 2HCl(l2.731 H20) ;:; FeCI Z{c) "" HZ(g) 

by solution calorill\~try. This leads to AHfi98(FeClz, c) ::: -81.7 t 0.1 kcallmol which is adopted in the tabulation. The 

value lIHfi9SfHC1(12.731 H20)) ::: -38.812 kcd/mol C.V is used in the calculation. 

Li and Gregory (;2) also deternlincd calorimetrically lIHl'29B ::: ~19.5 t 0.2 >ceal/mol for FeCIZ(c) ... Fe+""C4q) + 2Cl-(aq} 

in aqueous solution at concentrations near 10- 3 molal. Using D.Hf29S Cfe+"'ocH
2
0, aq) :: -21.3 kcal/mol (!:.) and 

AHf29S(C1-o:t!20. aq) :: -39.952 kcal/mol <.V, we have obtained 6Hf298 (feCl
2

• c) ::: -B1.7 kcal/mol which is in excellent 

agt'eement with the adopted value. 

Ka.'1gro iiL,'"ld Petersen (2.) determined the equili.briu.'!I constants for the reaction FeCIZ(c) + H
2
(g) " Fe(c) "" 2HCl(g) in 

the te:npera"ture range frorr. 1.<81<_662°C. By use of second dnd third law an<'l.lyscs, the heat of reaction is evaluated as 37.81 

and 38.24 kCo!I.l/mol respectively. Using the third laW t1Hri98, we obtain lJ.Hf
29S

(:eC1
2

, c) :: -82.36'10.5 kcal/mol which is 

in reasonable agt'eernen't: wi th the value adopted. 

Heat Capaci ty and Entropy 

Kelley and Hoore (§) measured the low tempera'Wre heat: capacii:ies i .. the temperature. range from 53.2 - 295.0-t( and 

made al). extr!~lation to Oel< which yielded an entropy of S.19!: 0.8 eu ~t.50.1Z·)(. This v~lue a.l~O includes the uncoupling 

enerz.y of re (Rtn5:: 3,2 eu). We have a.dopted the measured heat: capac~tl.es, but n:ade oS mnor adJustment of the ent:ropy 

4t 53.2°K to 1<.93 eu whic.'-t is still within the linLi:t of uncertainty, but yields the entropy at 298.1S-K as 28.19 eu. The 

laner was found. by E. r. Westrur.'l (J). 

Moore (!) me • .,sured hiZh tempera'ture enthalpy d""ta from 670.5- to 9L+I-K by drop calorimetry. The low temperature heat 

capaci ties and high temperature enthalpy data were sraoothly joined at: 298-K. The Cp values above 9111-K were obtained by 

gr4phical extrapolatior:. Oetting 4I\d Grego'l'Y (2,) measured high tempera'tu~ heat capacities in the temperature range from 

60& to 500&C in a. constant heating adiab4tic calorirn.eter. Their Cp values are in good agreement with those found by 

Moore (!). 

Mel ting Data 

Te and Mlmo were taken f:t'ot:l Moore (~). 

Heat of Sublimation 

AHs 298 for the L'lonomer 4nel dimer .are calculat:ed from the adopted heats of formation of 'the crystal and the l;'e5pective 

gaseolJS species. 
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Iron Dichloride (FeCI
2

) 

(Liquid) GFW· 126.753 

I ---... "'/"""--_ """/m.'---~ I T, OJ( CpO so -(GO-HO ... )(f 11"-11"_ aHI" 6GI" 

o 
,00 
,00 

". 
,00 
.00 
,00 

2 .... 20 

24,'20 
211.0(,0 
24.420 

13.4]< H.H2 

3:!. 563 11.1132 
40,60e )' .39 0 
06.051 j .... 199 

.000 74.&11 66.'5U 

.045 '/'4.3 9 2 · 66.195 
2.1087 - 11.,,06 6&.01" 
4. 9 :?9 · 12.,92 · 6t. Tl'] 

Log Kp 

8".178 

.S.U2 
]I .976 
21.001 

." roo 
24.420 '50,510 3"',224 7.371" 1"1.649 .. 59.709 21.1" 
24.4;?O ';4.274 110.2"'5 9.813" 70,sr& .. '57.182 18.0&0 

000 211.'20 SeT ,'S]'!> "".216 12.2~5" 70.186 .. '55.961 15.288 ." -(0-0-0--- -~i~ ag- --- -:-~-:-a~----i;! ~~~- -----~-f~H~-- : -- ::~~~~-- --:~ -~i :lH ---- --~-:-:-l-:-~ 
11 0 (1 24,420 65.112 1111.'510 19.'58t · 69.0&9 '50.8U 10 .t 0 6 

1~~-- --~~ :~~g--- -{{~-~-}~--- --~~~~,~- -----~{-:-~~-~ ---~-- ~,~;~~--- -:- - iJ~~n·- ----~~~{-6-
1400 24.420 1't .201 '51. 98 1 2~.·M7 · 67,254 .. 6.1°9 T ,19~ 
1500 24 ,4'20 12.6 8 6 ~3.319 29 .349 · 66,'3 1 1 · 44.624 6,502 

160 0 24,&20 '1'" .,,62 If, a .'592 31. 79 1 · 6"§,906 43.182 ~.8ge 

1700 24,&20 75. 9 42 0;'5.60S ]11.:23) 65.546 .t,n~ ~.l71 
1800 24.420 n.nll '5~.96 3 3",61''5 6'jo.OO8 .0. )9) •• 90. 
19 00 24,420 r6.6'jo6 '5 J11l .0 1 O ]9.111 6/f,t55 · J8,!53 ... 469 
2000 24."20 19.911 59.131 ·1.'>59 61.684 3'1'. )25 4.019 

2100 2 ... ·20 "1,102 "0. ,"9 44,00 i 61,21'1' 3'5.818 3,128 
2200 24 •• 20 1'1,.2]08 til • t:.~e .6,4·3 · 66,75 1 3·.33. 3,·11 
2300 2 4 • lI 20 1'l3.32. ",.069 ." .M'S 66,30 2 l?IHI 3,123 
2400 24.·2° SA. ]6] 6,.971 5"32' 

6'5.e53 31'&2r 2. 86 2 
2500 24 •• 20 055.3 60 (",3,852 53.1'69 · 6S,411 30 .00t 2. 6 23 

2600 24 •• 20 86.11 8 6&,61115 5" .211 - til.91. · 28.59. 2. 401 
2100 2 4 • 4 20 liT ,239 6".516 5S.""H · 6.11,54$ · 21 .20a 2.202 
2800 ~4.o20 38.1;1'1 66,lO& 61.095 6tJ.12i 25.82'6 2.0H~ 
2900 2i.42() 68.91}" f,Y,015 63.'537 63.10. 21.168 1.ea' 
JOOO 24.420 119.1112 ,,'I.et i 6'5,919 63.29a 23.12! t.e.S. 

June 30, 1965; Dec. 31, 1910 

IRON DICHLORIDE (FeC1
2

) (LIQUID) Grw~1".753 CI
2

Fe 

S;93.15 33.~32 gibbs/mol 6Hf29a.15 -7~.~11 kea.l/lttOl 

TIn :: 950°:< 6:im
o 

10.28 0.05 keiil/mol 

Tb(to equil. mixtuN!) 1297·:< t.Hv· 26.27 1 ked/mol 

Heat of Formation 

The value of ~Hf;9a.lS(~) :: -74.411 kcal/mol i~ obtained from 6Hf298.1S(c) by ddding t.Hm' and the !1iffeN!nce between 

H;SO - Hiss 15 for crystal and liquid. 

Heat Capacity and Entropy 

G. E. Moore, J. Anua:r-. Chern. Soc, llJ 1700 (1914 3») deri ved. the constant heat capacity from enthalpy data. lW,easured in 

the tempera:t:urt!: range fr-om S50 to 1100°)( in a drop calbrir.\etc:r. The constant Cp is assumed for all the other temperatures. 

The entropy is obtained in a manner simila.r to the hea"t of fOrmation. 

Kelt.ing Data 

Tm and uHm- wer~ tltken from G. E. Hoore. 

Vaporization Data 

The boiling point Tb is the calculated temperature at which the surn of the partial pressures of FeC1
2

{g) arld Fe
2

Cl
14

(g) 

over faCl 2 ( t) reaches one atmosphere. At TO, the I!'.olc fraction of the dimer is 0.1635, The heat of vaporization is 

calcl.l.lated to be tP.e difference betwe~n the heats of fOIlTIation At 1297·K for one mole of FeC1
2
(t) vaporizing to the 

eqllilibriUl:l mixture of 0.719 moles of feC1
2 

(g) Mel 0.1405 moles of Fe
2

C1
4 

(g) 
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Iron Dichloride (FeCI 2 ) 

o 
100 
200 
2" 

JOO 
<00 
SeD 

6{)O 

'00 
11(10 
'00 

!tJOO 

110U 
pOt) 
lJOU 
11.100 
1 ')00 

1600 
1700 
1800 
19UO 
;:<;00 

?lOO 
2200 
2.100 
?4"W 
?SOO 

21>00 
270U 
2800 
2900 
j(.l!)O 

]100 
3200 
3300 
3400 
3500 

3600 
HOC 
3':'00 
3"'00 
/,ifJ()(J 

4100 
4#'00 
tl300 

4000 
{Jf(JO 

<'11300 
IlYUU 
')000 

~ 1 00 
'520 0 
5JOO 
SlIOO 
';500 

')600 
5700 
')800 
'5900 
bU{)D 

• 126.753 

----glbbsjrnuJ---_ kcal/mol----
Cpa s> -(GO_H°.,)(f H<>-(f'UI:I ~Hf" fJ.Gf" Log Kp 

1 ~ ." I< 2 

Ill. 57'" 
loll ,673 
1 " • '/' <;~; 
l<l.M?] 
1'1.9()1 

1".91'\<1 
D.O?] 

1::'.4l.1~ 

1::'. S ~e 
1::>,('>12 
1::O.6 Re 
\::>.7';(, 

1::0 .... 1(; 
1::>,/:1'<'1 
\).9('1" 
1:'1.94\ 
1 ~. 'i!1J 

1~.99) 

IO,OllJ 
\0.0?;:> 
10.0;>>,1 
lo.on 

10.032 
10,O?t:o 
la.Un 
la.Ol2 
10.001 

1 ~. <;'50 
D.94L' 
I ~,9?ll 

l:,.et'iV 
D.tlH 

D. 

• \.lOa 
57.9"] 
66.1P.1 
71.')0) 

71.568 
"",617 
rl',.tl1b 

Al,jj,62 
R),716 

"5.661 
fl7.1122 
AB,9bl! 

90.412 
91.720 
0;;>.9)0 
<;I4.05T 

"15. ilJ 

96.107 
91,0116 
97.936 
91'..7132 
99.569 

1000359 
I(I! ,095 
lOI.ROl 
10;'>.&179 
)O].! 3v 

106.575 
lor ,084 
10 7,577 
108,055 
](lB.SI9 

\01l,970 
109,401) 
109,834 
11 0 ,?II~ 
110.6'51 

i 11 ,Oil/'; 
111.1128 
111.1101 
112.160 
112.522 

1:2,869 
113.209 
113.""42 
1 ~ 1 ,I) 6 7 
Illl.H-'I~ 

11'J .962 
116.239 
Ili'l.51U 
llt'>.777 
1!7.0jlj 

1'11_'''1 H. 
-"LOII.:;\ 

"'.731 
71.5U3 

71.503 
7."I".I')U 

11,09,. 

7 .... 623 
rr.721:J 
7P.,l? , 

7Q.771 
.'10,713 
Fll,607 
J!?456 
f\ ~. 2t'.~ 

"IQ.0]7 
FIll, 77~ 
·'\1, ... 82 
A"'.16IJ 
........ fll1 

1'.7.'1]1:.1 

/'.Il,Oll<! 

AA."'2~ 
A9.1BtI 
.'10,1 ]J 

90.260 
9n.? '7 
9,.;:>67 
91.74<,0 
"'.216 

9?671 
93.11" 
Q ~. 54'J 
o ~. <;Ie; /I 
9,£i .Jl" 

Oll."!'?) 

0<;.16" 
0<;,"4) 
Q'),91') 

Q .... ?7~ 

Of-.b)1i 

9 .... 961 
07.32£ 
97,1'.>55 
97,981 

QA,301 
911,61'J 
QA,9?2 
QQ,?"f. 
00.521.1 

101.lea 
Illl./ISU 
101.701 
10,.060 
10".210 

- l.lll? 
- 2.'509 

1.]11 
,ouo 

tj oJl? 
5.715 
7.246 
FI,72'5 

10,?ll 

11.70') 
13.208 
I/J.720 
lto.2111 
\7.77;:; 

19.]12 
20.1161 
2~,1I1B 

23.9t1) 
2';,';~5 

27.1 J3 
lA,717 
30.30S 
JI.tlQA 
33.1<9) 

)'5.o'n 
]f" ~<,I2 

3A.f'S') 
39.1'\96 
111. 11 99 

II ~ , \ 0 2 
iU .f05 
/if.. ]01'1 

liT .910 
<19.'510 

51.1\.0 
<:'2. 71)" 
"i4.]0"; 

"5.900 
57.49) 

0;;>,;;-62 

63.1'0118 
65.4';7 

e7.014 
68.51,F,g 
ro,p·] 
71.749 
n.3?4 

74 .1\~6 
H.l.lt7 
ffl.Oj6 
70.M)1I 

81.169 

t!2, 7 33 
flll.(,96 
5'5 • ~~'" 
67.11115 
6,0..973 

J3.A.Q] 
33.73'11 

- 3.'.68'" 
33.70u 

1),991 
3.1).;;>01 
Jl" .lItll; 
.l~ • BTl 
J'J.t!.16 

36.71 4 
H.7711 
36.961 
)7,:;>01< 

)7.aF 

31,6714 
36.2()9 
31'0."54 
4I7,Sfd 
1J,?,Q!7 

4·). 

411,Q7<':> 

~", 362 
"';.794 

" .... 21;.; 
II~ ,/,)]" 

117.003 

47.Il<,l9 

131.)61 
131.354 
131.352 
131.363 

III de'; 
1 3t,lQ 't 
IH,4/;)':I 
131.'711. 
131.<;91 

131.61.11 
131.'1'7'" 
1 J 1 • ~I;>'t 

lP.0U 
IP.t4~ 

134.492 
13.:J.7tjU 
13<; .0/\ I 
! 35. ]9 ~ 
1)'5 , 711:! 

June :30, 1965; Dec. 31, 1970 

n.tllI) 
]ll .1:I7J 
36.0]4 
37.1811 

37.;.>06 
36.367 
)9.'>OQ 

40.67!' 
111 • 7\ ~ 

4'}.-'76 
1.13.(/19 
.\14,153 

!lS.6ol2 
41>.41\("1 
47.21'10 
",0..(6) 
41.1.831 

119 .~8J 
50. ~ 13 
51.01S 
51.517 
51.9711 

52.lll) 
52./:I]1I 
'.d.2JA 
S3.6?./.! 
~3.992 

54,3aS 
- 54.083 
- 55,003 

')5.3'1 
')5.602 

55.tl79 
511,69f1 
52.303 
49.907 

- 47.51"; 

<1o':l. ~ 15 
- 1l2. ,,9 
... 110.37") 
.. 37,920 

35.';23 

33.118 
]0.116 

.. 28.307 

... 25,1.19'" 
- "3. 4 8(' 

21.06'" 
11:1,6116 

- It'>.?:?3 
13.79"; 
11.367 

8,9;>9 
l'>. ~119 
to.Oll! 
1.'591'1 

.13'57 ... 

3. ]\" ... 
5.77'2 
fI.21lA ... 

10,716 .. 
1J.200 

I "if"! "lITE 
10,215 
Jc,r.376 
'27.2")7 

:?7. 10" 
20.\lfl.1 
17,71'19 

111,79" 
13,02') 
11.086 
10.013 
9. 7~ 1 

tl,71J 
6.468 

1 " 

4,566 
",1l26 
<.1.29) 
1<.168 
II,US! 

3.';39 
),/36 
3,464 
3.70B 
7.967 

?-,1)9 
2.':1;;>] 
2.31<} 
2.17<; 
1.941 

1.'65 
1.59f1 
1,439 
1.281'1 
1.14) 

1,001 
,067 
,73Y 
.(';>1 ~ 
, .. 97 

,.Hi) 
.27) 
,16i 
,06'" 
.034 

.12 9 

.221 

.311 

.397 
,1.181 

IRON nIc.liLORIDE (FeC1
2

) (IDEAL GAS) G'" 0 125.753 C 12F e 

Poin't Group [Da:tt J 

S298.15 71.50 t LO gibbs/mol 

Electronic Levels and ~\Ja."'ltum. Weights 

State 

~ 
Sn 

" 

-1 
~ 

4600 

71 ... 0 

Bond OistiUlce: fe-Cl = (2.17) A 

~ 
10 

10 

Bond Angle: C1-fe-Cl = [180~ J 

Rotational Constant": Be" [ 0.0505] cm- l 

Heat of Forrnat.ion 

:'HfO -J3.B 0.5 kcal!mol 

tlHf29B . 15 = -33.7 0.5 kcal/Jl1.o1 

Vibrat:Lon41 frequencies and Degeneracies 

0" 2 

-1 
~ 

t 327) (U 

Ba (2) 

492 (1) 

Using the free energy func'tions of the monomeric and dirneric FeC1
2

(g) with the adopted heat of diraerization at" 2SS-K, llHci = 
-35.7 kcal/n:ol (l), .... e have derived par"t"ial pressures of J:1Oflome!'ic feC1

2 
from 'the r'epot''ted pressur-e da .. td (1-2). Schafer- (~) 

determined Kp for the equilibrium ~action C ''l6sumin~ the dirner concentration was insignificant at the equilibrium conditions. 

2nd and Jrd law analyses fOr the vapor pressure da.ta. and the. equilibrium cons'tants are giVen below. 

1rw"2.s'tiaator 

Beusr.:l.an (1) 

Maier (~) 

Schafer et a1. (~) 

Schoonm;lker and Porter (1'.) 

Sime and G:rcgory (.§) 

Kana'an et al. (2) 

J(and' a..r; e't a1. (2) 

Kand' an. et aL (J) 

Hildenbl."and (~) 

5chdfcr et ",1. (~) 

S'tatic 

Static 

Method 

Carrier gdS 

Mass spectroffietric 

Torsion Effusion 

Torsion Effusion 

Mass 
{Ko 

Mass Effusion 
(fe Ccll) 

Torsion tffusion 

Equilibrium 

Temp. No. of 

Reaction Range' QK) Point.s 

1012-1179 29 

972-1268 12 

9 BO-1106 5 

621-701 eb 

685-760 Equation 

725-625 Equation 

725-B25 E{p;ation 

725--325 Equation 

643-715 28 

1205-1375 

i1Hr29 !lkcal/mol 

Jrd la~ 2nd law 

40.51:!:0.1l 41.3 

ItO,70~0.40 39,1 

40.71~O.27 41.7 

'17.74!'.:O.1l 1.5.7 

48.3a~O.1l 47.0 

48 2>hO.17 1'9.9 

118. 53~O .14 49.9 

4a.3?!.O.12 49.5 

ItO.28!O.OO 49.1 

,::,10. 47~O 50 5.1 

Dr'ift 

-0.6~0. 2 

Ll.tO.4 

-O.9!1. 3 

3,1!:0.3 

\.9 

-2. :;> 

-1.7 

-1.5 

-1.l!:O,j 

4.2!:0.1 

Reaction: A. feC1 2 (t) ... FeC1
2
(g}; B. FeC1

2
(c) - F~C12(g); C. fe(c)"'" 2HCl(g) ... FeC1

2
(g) .. H

2
(g). 

"H~29B(FeC12' g)a 

~f_~ 

-33.80 

-33.71 

_33.70 

-33.% 

-33.32 

_33.42 

-33.17 

-33.33 

~. 3 3 . 4 2 

,::-33,56 

Derived from 'the 3rd law c11r 299 and lIHf2ge CfeC1 2 , t):: -7'-.411 kcal/mol, t.Hfi9S(feC12, c) _81.7 kcal/rno1 and 

ilHf 298 (HCl, g) :: -22.063 kca.l/mol, all JA1~Ar lIHr values. 1 point rejec'ted due to failuNl of a s'tatistic<l.1 test. 

The adopted value, ,g) -33.7 kcal/rr,ol, is in very good agreement with those derived from "the reactions A and C. 

The adoptcd value is also be'tWeen 'the more discrepant results for .N!action B derived from mdSS spectt'ornetry and from effusion 

st.u.die.s. This i~plies that the total p:!'essuI'Cs calcu.lated from the :nono!?'.er a. ... d dimer tables fit the observeo vapor pressures over 

liquid much better than those over soli.d. For the liquid, the retio of the c,-,lculated to the observed vapor pressure is about 

1.0 !; 0.1 and for the solid, the rat:io is about 1.3 ~ 0.2. 

Heat Capa.city and t:ntI'o'£y 

TIle molecular' configuration is assumed 'to be linear, since experimental evidence indicated that other transition metal 

dichloridcs d.re linear (§.J. The bond distance is estimated by comparison with that of fc"Cl&(g) reported by Zilsorin <i), The 

ground state (56), low lying electronic hvcls and the qUilntUl:! weights were obtained from ·the work o~ J)ekock and Gruen (1Q). 

The I!I.symme'tric stretching frequency Wi.lS observed in the inf!"'~red spectra of the vapDI"' <1.1: 492 crn- l by Leroi (ll) and at 

4940C:7l-1 in AI' matrices by Thompson (11.) and Frey (11). Normal coordinate an.alysis yields the stretching force constan't kl = 2.23 

md/A which lead~ to 'the st:N:tching vibrational fr,=quency, VI :: 327 cm- l , by a valence fOr'ce field model. The bendi:1g frequency, 

v 2 :: 98 cm- l was observed in the matrix infrared spectra <.!.£). 
The dZ'ift, defined as 'the difference between ilSdJA.'.JAF functions) ~nd ilSr(2nd Is...,), .in the 3ed law analyses of the p..essur'e 

data indicated that the entropy of FeC1 2(g) is made mo~ consis't<ent by irl1:roducing two low lying electronic levels -3.nd a relatively 

low bending frequency. The hea"ts derived by 2nd and 3rd law analyses are in good agreem~nt. 
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Sulfuryl Chloride (S02CI2) 

GFW ~ 134._ 
--~-----------------, 

T, ... 

o 
100 ,00 
'" 
300 
000 
500 

.00 
700 
"'0 
900 

100('1 

1100 
1200 
1300 
1400 
t')OO 

IhOO 
1700 
11100 
1900 
?noo 

<'100 
noD 
?300 
;/100 
~')OO 

UOD 
2roo 
?BOO 
;>900 
'000 

:1\00 
3200 
HOQ 
JIIOO 
),)00 

)t\OD 
HOD 
31100 
)900 
11000 

11100 
a200 
,noD 
uoo 
4500 

4600 
HOD 
.HIOD 
11900 
'5000 

5!00 
');>00 
'5 ~OO 
'5400 
5500 

")600 
'5700 
';flOO 
<;900 
6000 

---gibbs/mol---~ kcal/mol----_ 
CpQ SQ -(GO-W:n.J!T W-HO:ns .'lHf" 

,00(\ 

10.:1'0 
1'>,1117 
lb,G?b 

16,11""9 
20,3",7 
:?I,61'.1 

22.591 
23. ~"'O 
:(3,7"'. 
"''',1?') 
'.,40'" 
24.1',)0 

1'4 .8n~ 
74.945 
7::..0")9 
?S,I'S) 

25,:"1 
?~ .29011 
?~. )>:;<, 

7~. :;09 
2'l , tIiIO 

l~. H'5 
2~. 50f-
25,'iB 
?5,'i"i7 
2~, 57~ 

25,')'97 
2'50, ";\4 

;."5,6'9 
25,643 
?~. 6"'5 

25,"'(Of:. 
2~. 67to 
Z':I,6 At. 
2:,,60tl 
2'l,rO? 

25,709 
25,715 
2~.rn 
25.7')1' 
250,71" 

25,7H 
25,711i' 
75.746 
25.7'50 
25,7"i3 

?5.7<:'7 
?5,7M) 
<'5,1'(') 
2~. r(,f, 

25. r,<,e 

25,1'71 
25,77) 
?5.77f> 
25,r71' 
25,7>10 

25. p.'} 
?~. 71'13 
7').7/1t'5 
2'5,1'1111' 
25.71'.8 

.OM 
";e,735 
1')7.5,)7 
74.),7 

710,111101 
$10,0)3 
~Q, 7:.'5 

,0111.7"2 
92.297 
9'),437 

08.2';7 
lflO.e15 

11')3.152 
10'5,303 
11'17,;:Q4 
100,\117 
110,81'9 

119, "O? 
120,51'18 
Pl,Tn 
!;>?A(l9 
1?3.8"i] 

124,1151' 
1?5.fI?3 
! ?". 7")" 
1;:>1',6"14 
1?!l,'5?4 

1;>9,3ti5 
110,11'10 
nO,9J"! 
111.1'3/'1 
13;>.41'12 

133,207 
133,911 
1)4.597 
I ~5. ,,"5 
lJ"I.9t7 

136.5">2 
tH.I?? 
IH.ne 
\38. )70 
IJ8.949 

.1112 
141.66) 

147.\1'3 
111;>,674 

111],'"'' 
143.(.46 
IH ,119 

lldl.! ,5114 
\.Q'S,OllO 
\115,4119 
14'S.9)O 
1/l6,3"'3 

PH'TNJTE 
I\~. G09 
7'),927 
70.3'?" 

7a.3?7 
7~.077 
76.5<;0 

1'f>-.2,)7 
"('1,01 ~ 
IIj,7"\0 
i'I).to)D 

1\"\,0113 

.!I .... SR/,I 

........ 0'56 
I\o.u:,o 
91'\,6 111 
9'.082 

1.13.308 
911.111\3 
0"',610 
1.16.t'i92 
Qr,733 

9.'1.716 
QQ,l"02 

1M • ~ 35 
HI! • !I 31 
10:;>.IifIO 

I fl ),7'33 
\1'14.071 
l1h:,!lA5 
1"0; .... 3~ 
1(1 .... )/3(1 

1(11.nl 
107.A?O 
1(1'-'.509 
IIlO,I"'1 
IIlO.836 

UO.476 
11, .099 
tll.1"09 
ID,304 
11 ::>,eS1' 

113 • .Q56 
114 .013 
Ill.! ,'!I59 
ll~.OQJ 

11 "i,617 

1l .... 13\ 
1"",6)4 
117,128 
111','113 
IIA.Ollfl 

111'..556 
110.015 
110, lI~l'o 
IIQ,'HI9 
1?f),3l1., 

l?fl,714 
1'1,195 
121.~ 1 0 
t??,019 
In,4?1 

3 .... 31 
;>,91'('\ 
1 .~r4 

,000 

,034 
I,OR:? 
.II .OR~ 

'" 1'>.772 

1111.??1I 
?0."9,,, 
23.1,1\4 
,<;,11,1\4 

?1I.1Q<j 

30,l"l/J 
B.?l!t 
1'5,173 
JR,3I! 
Ai'). ~53 

43.39~ 

4').9 11 1'\ 
4fl,')OQ 
0,1,"')4 

53,fill 

0<;".170 
~III.. 1')0 
61.;>9;> 
61,,Il')6 

" .... 4?1 

6.11.9117 
71.'i')4 
74.17? 
7~ .1'I9! 
79.?l'i1 

fll.Po)? 
IIII.AO) 

fll'I,91'5 
89,0:,41' 
9'.1:;>0 

9;11,69;11 
91' ,?61' 
99 .... ;11:;> 

IO:;>.;II1T 
10;11 .Q9:? 

j07.'5f.1' 
110,14J 
112,1'19 
!1"i .79'" 
! 11' .l\T? 

1H.3J1l 
13."",,,,,, 
1]1'1,494 
l ti l.l')1"l 
1 .. ~,~'52 

June 30, 1971 

I'll, )09 
84,OOPo 
1\4,')21 
SlI,eoo 

64,AO.ll 
S"i ,496 
8'5,Q12 

etl,171! 
8t1,339 
1)9,1197 
99,?1I1I 
QfI,97/l 

0,11,1'0') 
0.'1.·2'5 
0.'1.141 
97.1'156 
91.'570 

Q7.,8 il 

QI'j.lHI7 

"' .... 1'1"; 
Q~.4 )4 

9,<, .158 

9O;.l'Ia5 
9''),~ t7 
9;.353 
9;.09') 
9Q ,I'I~ 3 

9 4 .')9') 
911.355 
9f1,I"? 
93. A94 
9;.H4 

9; • .tI59 
93.ilS) 
93,0')2 
9i1,A5S 
9'."'71 

9.,.1188 
9:?3t· 
9? ,lIBl 
91,979 
OI,II?1 

91.666 
91,'5\8 
91.)72 
9!.'lli' 
91,096 

90,962 
9n,A)? 
91'1.10'5 
91'1 .... 80 
9(),A59 

90,J]9 
90,''20 
91'1.104-
8 9 .Q90 
eQ .Fl7'" 

1\9.766 
8 9 .1'157 
89,e;48 
A9.UO 
elt'.3)4 

OGf" 

63.309 
60.9)1 

.. 77,..,n 
''',1,..7 

711,l?1 
70,'.H ~ 
66, 7\ ~ 

62,1)49 
.. SR ,91'] 

'Sf\,?t'>9 
SO ,S60 
4') ,"i;?O 

"0.1,119 
)11 .6~ I 
29,591"i 
211 • 3~'::' 
19.0QII. 

1.3,111'1 
R.iI"'lI. 
J.41'P. 
1.691 
.... 8")? 

11.995 
17.1?7 
22.?1d'5 
?T,J'"!"> 
3?uQ 

3T .5)1'1 
(12 ..... 1 111 
1I1'.68? 
'52.TIIJ 
'H.7Q/'i 

62.SG? ... 
67,879 
7?910 
71',960 
8?,9,)4 

8'1',91'4 
92.98'5 
9'1',990 

102,9R't' 
tOT.9Rt; 

112.981 
117,969 
122.9<;7 
127,9Gl 
132,920 

137,699 
142,87? 
\47,RlIl 
1'52,,1111 
tS1'.rr2 

162,71d) 
161',101' 
tl'd·6? 
Ilr,61"i 
\1'1'.51''5 

la7,52'4 
191'. 4~1\ 
191'.4;>f, 
202,365 
",01',lIA 

Log Kp 

It.lrrNITr 
176. erl'll 
!lA,8]3 
')',3M 

"i3,997 
36.5'" 
29,161 

n.89) 
16,391' 
15 •. H;.> 
12,3'55 

9,941'1 

7.91'\'5 
6.3'!1l 
4.970; 
J.19f11 
?71'1? 

1.89'5 
1.111d 

.li?? 
,19'5 
,70119 

1.24,1\ 
1. 70 I 
?,ll.\! 
7,1191 
2,837 

3.1'5'5 
3.449 
3,1',,)? 
3. 9 7S 
4,210 

4.430 
4.636 
11,829 
5.0tO 
'.i. lAO 

'5,341 
'5,41';1,,) 
'5,636 
5.1'71 
'5.900 

6.0:?:? 
6.! 39 
6.24Q 
6,3'5'5 
6.Alli5 

6.'5")2 
6,644 
6.731 
6.816 
6.896 

6,91'4 
1.0ld8 
7,1:.'0 
7.11'11'1 
1'.7')'5 

1,318 
'7,380 
1.439 
1,49..; 
",'5')? 

SULfURYL CHLORIDE (S02Cl2) (YDE.A.L GAS) GFW 0',"."98 C I
Z

0
2

S 
roint: Group C

2v <1Hf; ~ -l!3.3 ~ 0.5 kcalfrnol 

S29B,15 74.33 0.1 gibbs/mol ~Hf;ga.1S -64.8!' 0.5 kca1/r.101 

Ground Sta:te QUdfltum ioieight [lJ 

Vibrational F:--equencies and ~generacies (w, 1, all singly degenerate) 

1205 577 '0' 109 ]80 1'-134 388 !l8G 363 

Bond Dis'ta.nce: S-O -= 1.401.: !: 0.004 A S-Cl = Z.Oll !: 0.005/, 

Bond Angle 0-5-0:: 1:;:].5 '! O.SQ Cl-S-Cl:: 100.0 ~ 0.7" 

P!"'oduc't of the Moment:s of Inert:iil: ThIBIC:: 3.80493 x 10-113 g3 c:n6 

Heat of formdtion 

The adop'ted i!Hf~ ::: -811.8 !: 0.5 kcal/mol is based Oil Kp for dissociation 'to 502 and e1
2 

(see below). The relatively thorough 

study of Ar'ii (?) gave siP-Lilar values of Kp neQ.r' -::he vapor pressure of S02C12 and at reduced pressures. The entropy discl"epancy 

i5 large (65 = -11 eu), but: this may be due to the SlT' ... 1.11 tempera.t:ut'C range a.nd to uncertainties in absorption on the <':!c"tiva"ted 

chur'coal catalyst .. A.bsorption urlcertain"tler; probably ex.ist in <1.11 of the Kp st:udies, but the high-temperature data of ir .. utz (1) 

helve an addi"tional uncer'tainty; i.<:!., Kp is very sensi'tive to small sys't€'matic errors in the ddta since the S02C12 is almost 

completely decomposed. Lxcll,lsion of dilta (~) dbove 416 K yields a third-law uhr"'~ which agrees satisfactorily with Arii (~). Data 

of l.onder-gan (~.J yield a. third·l<lw ,j,Hro which is smdllero by a.bout 0.4 kCcll/mal; these dd'td yield almost nO entropy discrepancy, 

but the experimental method (!) appears to be less sdt'isfactory. 

The adopted ':'Hfo is consistent with old calorimetric ca:ta of Thomsen (.?.> for hyd:oolysis of the liquid but inconsistent with 

recent datd of Neale and Williams C'=':'>, on which 'the ~elt!ctions of NBS 270-3 (.§.) a!"e proo<'!.bly based. Consistency tests require 

,lily; thus. we no ttl th<'!.t in t-he absence of a catalyst 50 2 C1
2

(g) persis'ts 'to well above thE'. boiling point even though it is unstable 

wit:h r'espec't to S02 dn.d Evidence for tlli,; conclusion includes studies of cat:ulysts {2.. 7), vapor densities (.l?). boiling 

point and vdPor pressures 1.Q,2). The boiling poi.nt (69,5 1: a.Joe) and l!Sv (20.S gibbs/mol) arc ~lmost: tlxactly those 

predicted by comparison with (7.3°C and 20.6 gihbs/mol) <.md SQ
Z

f2 (-55.3~C and 21.1 gibbs/mol), which hdve normal V~pOT"s. 

Vapor p1.'essure data (~J for yield ,jHv :: 7.1 kCul/mol at 69.5·C and ilHv" :0 7.8 kcal/mol at 25·C. 'frdu'tz e't al. {!Q) us~d a 

condensa'tion method to measure ::: 5.67 kcal/mo1 near Tb, but we dismiss this value since 'the resulting lISv (19.5 gibbs/mol) is 

too small for' normal vupor and much 'too SIT""ll for dissociating vdpor. 

Source DH. Redction tl 
~ AJ:t::;98...1... kcal/mol ~.?-.~-~~- uiif;98 kcal/mol d 

Londerga11 (J) 

Arii (1) 

Trautz (1) 

Neale (.::) 

Thomsen <.~) 

Ims 270-3 (§) 

Kp 

Kp 

Kp 

llHr 

Mlr 

(,:,,7) B' 

31.10-373 

.303-323 

37::.-464 

375-:116 

295-296 

291-293 

29B? 

2nd Law 

13.08.1:0.05 

lO.'Il~O.13 

6. 3 3~O. 51 

3I'd Law 

13. 41.!.O. 3 

13. 84!O. 2 

14.7. :0.:1.1 

13.91!:0.4 

-63.4 !.:0.5 c 

-63.(; !O.Sc 

-63.1 

-0.9!0.1 

-10.9';0.4 

-19. 2c':1. 2 

d R~actions: A) S02Cl/g} -.. SC 2 (g) ... C1 2{g)i B) S02Cl2(t) + 2 !-i20(O - [H
2

S0 4 '" 2HCIlCnH
2
0) 

b iSS :: '::'S:o·(2nd La.w) _ ilSrO(JANAf fum:tionsl. C Calorimet:ric 6Hr ad jus 'ted 'to 2SOC. 

d Villu¢s in pa:-entheses calculated from t'..Hv~ :: 7. B kca1/mol a't 2:.°e. 

Heat Capacity and Entropy 

g., 

-6'1.36 

_B4.79 

-!lS.2 

-84.S6 

(_66.1) 

(_84.S) 

-97.0 

liquid 

(-92.1) 

(-92.6) 

(-93.0) 

(-92.7) 

-93.9 

-92.6 

-94.2 

Bond lengths and bond angles are those derived fl'om new el~ctron-diffraction data by Hargi'ttai ClP. These diff .. r 

3ignificantly from early results of Palmer (12). Microwave spectra were reported by AbbaI' (l§) , but structural pa'C'amf::ters were 

no't derived from the da'ta. The adopted s"tructure hilS an O-S-Cl of 107.7° and principal moments of inertia of 

II'.:: 24.05 x 10- 39 , I B :: 36.07 x 10- 39 and Ie = 43.86 x 10- 39 g 

The vibrational dssignment: is from forcC-cODstdnt calcuJa'tions of 'Toyuki and Shimizu (~). Pfeiffer'S assignmer.t: (1J) is 

only slight:ly different and resul'!"s in negligible change in 'the thermodynamic funct'ions. Spcc"tral dil"ta. wet's sum.'TI<lrized by 

Gillespie and Robinson (l.§.) in their study of the liquid-phase Rana..'l spec1:ra. Only 'those f!'equencics abovtl 500 cm- l are based on 

gas-phase spectr·d. Tr-,!utz et al. (1.9.) found Cp lS.'"!: 0.3 gibbs/mol by cdlorimet:ry at ~3 rnmHg d.'1d 16 to 99·C; this Cp is t:oo 

low, like tlHv (l.Q) , and 'the error is almost: 20%. 
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Silicon Dichloride (SiCI
2

) 

(Ideal Gas) GFW - 98.992 

----gibbslmol---_ _____ k<aJlmol-___ _ 

T,"K 

o 
100 
200 
,96 

300 
'00 
>0' 

(>(;U 

roo 
,o0 
90u 

1000 

1100 
1,,00 
1300 
1 ~ 00 
1 ':10 v 

1600 
1700 
l~OO 

1900 
21.l00 

2100 
,nOO 
?jOO 
21100 
2500 

?toOO 
:noo 
l!lOO 
2900 
)000 

3100 
3200 
3300 
31100 
3':100 

3600 
3700 
31:100 
]900 
4[100 

4100 
11200 
11300 
(aoo 
45{)0 

4bOO 
lJTOO 
u~OO 

4900 
5UOO 

5100 
5200 
''»00 
S~OQ 

'5~OO 

5000 
5700 
'5600 
')900 
01,,100 

CpO S" -{G"-W:I'lIIa)rr 

.OOl. 
'II.1ge 

11. t03 
1.:,21)!.' 

I ~. 2~" 
\tf,tl93 
iJ.;:::;;>Q 

I J.!!?v 
!..J. ~II J 

iJ.6?o 
~ j. eo {I !.I 
IJ,7')1:> 

1.1,1.'1)' 
1 J. ~II~ 
1.1,852 
lJ,I.'I5b 
13,063 

u.s,'!::, 
!J.6"1'v 
IJ.693 
lJ./!,91 
U.90." 

!J,Qfl7 

IJ,1I1" 
1,;.971 
U.93v 
1.".\)4" 

lJ.9"l> 
13. 9('~ 
lJ.91H,) 
IJ.9Qt'> 
1".0 1 ~ 

I" .03~ 
1".0"t' 
l~. o I!' 3 
1 4 .10!,l 

1".110 

1 .. ,3">] 
!'or., 390 

.000 
55.703 
62.6t!5 
67.360 

61.436 
1'1.1.163 
73.919 

?o.II.Utl 
71J.41:1! 
B0,301 
~1. 910 
83.351.1 

F!Q.66/O 
1l.~.t!62 
F!o.906 
/11' .98'1 
/'.8.942 

ij9.1!35 
90.!H1< 
'Il.Ab6 
Q2,21~ 
9;;0.926 

93.602 
94,2'HI 
Q4.864 
'\15. A5~ 
96.0;n 

96.566 
'n.OgO 
91' .!!95 
9~.OSJ 
98,554 

\,lY.{JlO 
99.4':12 
99.tH10 

100.296 
!f}O. lOU 

101,092 
10 t, 't7~ 
IOl,t!al 
102.211 
10l.56) 

IO? .912 
103.2')1.1 
I03.SAt 
!tl3.90~ 

l04.;:23 

1011. ~J" 
I nQ,039 
105.13d 
10::'.432 
105,721 

106,00':1 
106.<,8" 
I06,5"ib 
106.b29 
lOr, OY~ 

107.3')7 
107,61e 
107,871 
10S.I22 
10S,371 

{l'If!N!H 
77,410 
68.451,,1 
67.]60 

"7.361.1 
~7 .851.1 
tc.f\,79/\ 

69.60-0 
70.953 
72.01l 
73.0?J 
7 3. 96~ 

ll1.fl91 
7,.762 
71').5dj 
77.)60 
78,101 

71'1.807 
19 •• HHJ 
flO,t211 
~(\. 741 
fll.3,}J 

1\1.901 
P,='.IHlb 

A7,9?" 
1'I).Ad2 
fll.972 

84,4116 
""1.:.90') 
RC,.349 
8'5.761.1 
M.191:! 

Sh,bO'! 
St',999 
H7,382 
87,7'>6 
811. t 20 

tlp.." 1'~ 
!'HI .~2! 

jiQ.15Y 
.ljQ,"BY 
tl9,810! 

QI'l.I'!.l 
Q(l.~ 3~ 

9l'). 7 J1 
91,OJ] 
ql.n) 

9,.60e, 
9, .8H~ 
9?15t1 
1jI, • .a ~b 
1jI?1')89 

1jI,.947 
IjIl,201 
9 ~,4 "iO 
9 3, "'Y~ 
9).Y)' 

94.1711 
94.1I0!:! 
94,6)7 
9 .. ,I'I'!.Q 

9~,087 

W-HQaN 

;.OO"i 
2.172 
1.153 

.000 

.023 
\,;;1'15 
2.";92 

3."'25 
S.274 
6.633 
1.991\ 
9.369 

10.11;.3 
1:?.teO 
1),to'l'9 
IA.6110 
1 .... 262 

17,bll'j 

19,Oe 9 
2!l.lIjll. 

:<'\,MOO 
;;OJ otb6 

211,57? 
2'5 .9~9 
27.3.\17 
n.ns 
30.12J 

31,')11 
37.900 
)11.:-69 
)'5.671:1 
)7.068 

3/'..U"a 
)9 ,~"O 
41.2 .. 1 
1'.i2,6)"1 
Qll,02l 

4':i,1I22 
Q6,t:llS 
QI',?1'5 
.a9.61"1 
')1.°111 

~? .417 
53."?? 
'55.2?9 
56.63M 
58.050 

59,41'>6 
t>O.SB4 
6,(,306 
6).732 
6'5,1111 

e6,.,9i.l 
6A ,032 
109.1.1711 
7(1.Y?0 
7'l.3(1 

7 ).627 
7S.c tlA 
76,75(1 
le.n'S 
79,701 

"HI" 

.. <'lo.nliJ 
39.'110':11 
)9.9,)7 

- 40.001.) 

.. lI(1,OOl 

... 40 ,oro 
QO .160 

IIO.?7U 
QO.HI'1 
I:P).SI1 
.a0.6"l0 

'" 40.795 

40,953 
.II1.lel 
41.299 

.. .a I • .Q~7 
4t.6S ... 

'" 1>}.8"110 
54,1010 

... ")4.2b5 
'" '54,li61 
... 54.640 

... '511.ill r,I 

"''',nou 
'55.lt>l 
'55.36" 
'3"'.550 

'35.737 
5".920 
'51}.!I" 

.. 51't,3.U 
56."50/'\ 

50.7u' 
56.907 
5' 0111 

- 57, ]1:' 
')7,523 

1 13Q ,(.<;2 
l li 9.l'u) 
1,!Q.91'S 

.. 1,)(1,029 
1')0 ,14~ 

,,)0.260 

,"ll.H':I 
1'5n ,4t)9 
'I)n .... OIl 

.. ,')0.717 

l,)n,A20 
15lJ.Q36 
151. 0 ,,2 
1')1.\'15 
15l.?1I.~ 

&(;1" 

.IlO.Oil) 
40,9)2 
"1.905 
42.6SI1 

"l.IH? 
.... 3,11114 

4",743 

"~.649 
.. "6.5)6 

(If.(I01'l 

- 'HI.e61 
"90100 

'19.9,) 
50.731 

- '.)1. ~?') 
~2.)04 

53.01(1 

53.!!?? 
'J~ • liSt! 

... 54.1170 
'J4,II74 
'54.470 

')4 •• ';)8 

... 54.(1)7 

.. S .. • 1Ior 
511 .36f'l 

.. 'J'"0324 

~1l.271 
'.)11.217 
~1I.\"2 
'J4.070 
53.9Ql 

... 53.<,)1).\1 
'.l3. 80~ 
53.701\ 
53.601 
53,492 

5 t ,115 
- 41'1,374 

45,1\33 
- "2.IHi7 

40 013/\ 

- J7 ,J~O 
)4.637 

- J! .879 
29.117 
21') .3S3 

23. ~1:I9 
20.02"0 
ItJ.0~4 
15.279 
12.509 

9.727 
6.950 
iii ,).73 
10)93 
I. ,J90 

4ol7.1i 
6.959 .. 
9.7l!6 

12.530 
1'J.)?O 

Dec:. 31.1960; Pec. 31, 1969j Dec. 31,1970 

Log Kp 

Il'¥rI"tPE 
09.451 
I!~. 792' 
31 • .\113 

31.232 
23.Y41 
19.~'5? 

16. b 28 
110.529 
12.951 
11. 7 19 
10. 731 

9.'0119 
9.23'" 
8.667 
1:1.16'.) 
7.1J? 

7.352 
r.uOI 
6. tq4 
6.266 
'J.Y52 

5. 6 t>b 
S.llOS 
S.! 70 
~ • "'51 
4.749 

/;,.5l'o? 
4.31'18 
li.n6 
li. ,U!S 
3,'033 

3,.sUO 
3.675 
3.'J')1 
3.'145 
3.JQO 

3.103 
?057 
2. 6 25 
2.'>0) 

".193 

1. 99 3 
1.I;102 
1,020 
1."116 
1.780 

1.121 
.9"'0 
,f;n 
.e81 
.~1I7 

."17 

.292 
• 1f7 
• u5t> 
.OSS 

.11i] 
,?67 
,367 
,"611 
, ~5B 

SILICON DICJ!LORIDE (SiC::'
2

) (IDEAL GAS) 

Poin't Group C:z v 

5 298 • 15 = 67.36 1 gibbs/mol 

Electronic Levels and QU/lli'tum Weights 
-1 -1 
~ 3 ~ 3 

{lJ [28300] (ll 

[23000) (3) (29950] (1) 

Vibra.'tional Frequencie.s and Degeneracies 
-1 
~ 

513 0) 

[190J (1) 

502 (l) 

Bond Dist:<iLI1ce: Si-Cl::: (2.041 A 

Bond Angle: Cl-Si-Cl '= [106~ J 

Product of the Moments of Inertia: IAIgI
C

:: [5.709 x 10-
114

) g3 cmS 

Heat of formation 

GFW :: 98.992 CI 2Si 
OHfO '" _1.40.04 :!: 1 kcal/mol 

OHfis8.1S '" -40.0 t 1 kcal/mol 

o ::: 2 

The adopted llfU29SCSiCl:z, g) '" -40.0 kCd1/mol is ca.lculated fro!!. D.Hf29S (SiC1 4 , g) ::: -158.4 kcal/mol (1) a11d £l.HI'296 = 78.5 ! 2 

kcallmo1 for SHc) + SiC1
4

Cg) ... 2SiC1
2
(g). JA.,~Ar analyses of equilibriwn ddotd for this reaction are summarized beloW, Three sets 

of dat:a (l, 1,. 1) yield average values of MIre (Jrd law) which agree within 0.5 kcal/ml and values of lISr· (2nd law) which are in 

reasonable agreement with the JA.,~A!" functions. Two of the equilibrium studies used flow techniques while 'the 'third used a static 

teChnique, A median value of ~H:r" is adopted, Its uncertainty is estimated by assuming that the ,1ANAr entropy for SiC12(g) t:l4Y be 

'too low by 0.7 gibbs/mol a't 1400·1\, The adopted value corresponds to ~HO atom::. 203.8 kcal/mol and an average bond energy of 

101. 9 kcal/moL 

Two o'ther flow studies {::" l> yield large entropy erro:r'S, Iluggesting that: there are t:er.tperaturc-dependent errol'S in Kp. The 

r--eported equilibrium COnstar.'ts are rea50nahle at 'the 10we~ 'temperatures but deviate progressively at the higher temper"a'Cures, In 

con t:rast:, 'the static st:udy of lshi;:o (§) gave Kp values which differ by a factor of five from the adopted ones. These data yield 

a consis'tent: entropy but ..iHro (3re! law) is lowe:!" by 5 kcal/mo1. 

Source 

Schafer (1) 

Teichma.."1n C.V 
Cheche;:tsev (~) 

JlJ1'tipin (~) 

Ishina <.§) 

Schafer (2) 

1Ja,. 
1967 

1966 

1965 

1954 

1965 

1953 

Method 

flow 

Flow 

Flow 

Flow 

Sta'tic 

Static 

No. of Range 

Points ~ 

Equation 

Equation 

27. 

Equat:ion 

1273-1473 

1223-1573 

1473-1573 

1273-1673 

1448-1573 

1400-1::93 

Entropy Test" 

0, gibbs/mol 

1. S ! 1. 

1,7 ! 0.8 

35 :t 6 

" -2.1 t 1.4 

0.6 0.9 

uHr298 , kcal/mol 

2nd La\o! 3rd Law 

80.5 ! 1 

80.8 1.1 

132 9 

114 ': lI. 

70.2 2.1 

79,8 ! l.4 

78.J5 

78.49 

76.4 

75.4 

73.1+ 

78.64 

a 6 '" ,-,Sr~ (2:J.Q law} _ .lSr- (JA}lAF functions); where equations aN! used as input, the uncertainties are those given by 

the original authors. 

Heat C<!I.pl!lcity and Entropy 

The point group is assumed to be the sarne as that of Cf
2 

and SiF
2

. The Si-Cl bo::d length and Cl-Si-Cl bond angle are 

esr:imated to be interr:tediate bet:w~'2n those in HSicl and H2SiC12 • Compa.risons with Cf 2 , Sif2 , 112CFZ and H2Sif2 confirm that tho! 

estima'ted angle is N!:asolLable, 'Further confirmation of "t::-,e !';tr'-ictut'e comes from analysis of isotopic split:tings in the: infra~d 

!:ipcc1;ra of matrix-isolated SiC1:z, Milligan a.nd JacoJ( (~) deduced angl(!s of 90 to 120· from alternative assignlf.ents for- the two 

stre'tching vibrations. Observations on argon rr,atrices g<!l.ve 502 and 513 cm- 1 for these vibrations, but it was no"t pOSSible to 

~e=~~e Whi~h is the symmetric mode. Principe1 moments of inertia dre IA = 31.25 x 10-
39

, IS::; 5.035 x 10-
39

, and IC::: 35,29 x 

... 0 g em , 

Hill.iga11 and Ja.cox (~) also observed an unstructured absorption in the ultraviolc't: spectrum. This is the region in 

gas-phase emission studies (~) showed featur'es tentatively ascribed to SiC1 2 . Vibrational sp<1l.cings of about: 250 and 540 

were associd'tcd <.V wi"th the grou,\',d Ii'tdte; however, this analysis should be revieweq in the light of the natr'ix ~pectr4. 

Neanwhile, we estimate that the btonding ClOde should be s:imilar to that in H
2

SiC1
2

, probably 190 !: 40 c:n- 1 

The gr-ou:-,d state is assUC",ed to be 1Al as suggested by Huckel-moleculdl'-orbltd1 calcula'tions (.!,Q). Singlet excited st4tes 

(1, 1J) <l!'e included near 28000 and 30000 cm- l , but: the values are pla.ced in brackets to emphasize the uncertainty in 'the analysis . 

Also tentatively adop'tl.'!d is the suggest:ion by Ha.sTie et al. <1]) that 'the c:ontin\.lous spectrum near 23000 cm- l is due to a triplot 

excited stat:e. 
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Iron Dichloride Dimeric (Fe2CI 4 ) 

( I dea I Gas) GF'I'I 

T, 'K 

o 
100 
200 
21lt! 

Ju0 
ouo 
'00 
600 
700 
000 
900 

1000 

111.l0 
1200 
1300 
\4UU 
I ~OO 

1&00 
}7u<J 

\000 
1900 
2000 

2100 
2200 
2300 
;(1'000 
2500 

2&00 
271,)0 
2000 
2900 
)000 

3100 
3200 
3)00 
3400 
3";.00 

30UO 
HOU 
31100 
3'tIO('l 
41,)00 

'!luQ 
4<>UO 
..300 
ql!(Ili 

,,';1,/0 

4()QO 

4fOO 
4bOO 
£1900 
';uO('l 

51UO 
')no 
')lOO 
5.-.00 
'l~OO 

5600 
'HOO 
5t100 
';<,100 
l!Iuao 

----&lbbs/mol---~ kcal/mol----_ 
Cp~ so -(G"-H°'IIM){f HQ-H°n. 6.H1" 

.OOt· 
lJ. )53 
.!b,II A 3 
'\ .. ,OIHI 

J .... 103 
Jv.r95 
HoI'Iu 

H.tl)b 

H.9)2 
i.:,029 
J:t:.llo 
J.:. 2?~ 

J.(.691 
Jt.71l£ 
3.:.11" 
.3.:.8'3 
1 ~. 6~ 3 

3.:.81'7 
3':,tl95 
3.:,901 
J~, 91!:l 
J.:.91t1 

J..!.9lr> 
j( .9\ ~ 
J.:.VOb 
3.:,1.19'" 
J.:.f\P.fj 

J.:.tl70 
.3:0-.10\('11 
3 .... tIlIO 
3t'.R3I,! 
);;;,812 

3 .... 101 
)".61:1£ 
J':.063 
J.:,r-/JQ 
.3.:,62~ 

,000 
aid7! 
99,27(1 

11 0.990 

111.176 
119 .9~4 
\26.1:15' 

13:2.553 
137.39& 
1'11.602 
~ II'S. 316 
\QB.6t>5 

ISI,695 
\SII,tl70 
157.029 
159.110' 
161.026 

163,'1'09 
1"'5,071 
16l" .520 
j69.2i!4 
11'0,956 

172.':150 
174,072 
175,5211 
1 76,925 
178. 26~ 

179,S..,4 
180,795 
jl31,992 
1~).147 
184,26; 

l~S. 342 
IBn,38T 
Ifl7.<l00 
lAC!.3B2 
11'19.331'> 

190.262 
19 10163-
192.0)9 
192,P.92 
11<3,723 

194.533 
19 5.32J 
196,09<.1 
19 6,6117 
\91' ,'la, 

19a. )01 
19 9,00,. 
199,6<,12 
200, .365 
201,025 

I"-F' j"ljH 
IH,43! 
113,100 
110,990 

llli.991 
112.182 
1Il.i.l.i'50 

11' ,OOb 
tlQ .o;~1 
P?M7 
PIl.,o.,>' 
12('>.7111 

l/lP,,811f;l 
130,871) 
132.71'15 
131.0 .603 
13/'..331 

137.9711 
13 Q .'55u 
1",,053 
tll?,493 
1 4 1.875 

1 4 ';,203 
j/l ..... /lAu 
1<1;7.712 
14" ,90U 
150,04/; 

lSI.1St! 
1':>7.233 
1';J.27'J 
1<;4,265 
1 <;~.:U~o 

1 ')~ .::'1 I,) 
1')7.14'J 
15>1,047 
1 "'''J .94'~ 
15<1.780 

1"'/!,cge 
16'i,2;l;1I 
1 ....... 9 ;,1 .. 
1"'I\,62J 
\(1.7.303 

16'1'.9bV 
H'.A.622 
169.262 
1(.'ol,fl9U 
1 7 ('1.,)UI'.I 

l,lJlol 
",'526 
?-'HIS 

,000 

,0')6 
) .10~ 
b.203 

Q .328 
12./;'09 
1'5.620 
lB.1!'>2 
21. 9 51 

2~.1 31 
211.319 
ll. "'i!7 
3~. '2S 
37.96).3 

41.170 
44.406 
'l7.6':q 
",O.9C4 
54.HJ 

57."'30 
60. 1 ul 
63.9T8 
61' .?S~ 
ro.s"., 

1].829 
71.117 
B(),qO~ 

B3,bY9 
tll'.9911 

90.2tl2 
9).5'1> 
9".e6"'i 

\DO.t55 
103. 1U 'S 

106.1 J3 
110.0]0 
I 

12J.1 ~2 
121'\.430 
129,707 
!)2 .9~2 
\3t..'2~ll. 

139,52,) 
t1l2.190; 
146,Of.,2 
149,3,,7 
152,5Yl 

103.6'011'.1 
... I 0 ~. 666 
... 10),3<.11 

IOJ,lOu 

- 103.090 
'" 10?,Q5Y 
- 10:?91 7 

... 102,9'110 
1030183 
\03.5'10 
1 (I~ .110 
10'5,042 

10.., .Co07 
107.345 
107.59( 
107.675 
lOP., tr5 

,OR.5Ct' 
109,43 11 

100,99) 
t 17 .91 ~ 
1 I 1\ .~O I 

111t.?b" 
11Y.9 " 

... 1 ;?0.67" 
121.]bl) 
l?2.0Y6 

In.819 
1 "1.5~" 
11'1.302 
1?5,061 
! 2')."-].\1 

12"."20 
?9a .27u 
;:>011.15\1 
?9 A o{)69 
;:>9,. ,nOI 

?9 3 .9~f 
'93.9)" 
293,9)5 
'91.9~Q 

?9 ~ .009 

?9 tl,07!'! 
?94,17ft 
?q".:?9~ 
?9'" ,I;JI:I 

.. 7'iilQo o Ml6 

~ ;?QII. 791 
~ ?95.n I j 

;:19'),252 
?0':l.'51 1 
?9~,!h13 

I>Gr 

103.696 
10?48('1 
101.4\3 
lOO.S:?? 

100, ~O" 
99.667 
91'1.b09 

Yb.O:l1 
9'.191 
'116,316 
.... .,.37 ... 
YIII.36J'J 

\l3.2?? 
91.994 
90,TOtl! 
b9.393 
be. 06~ 

H6.712 
H'5.J?f> 
HJ o b9) 
H2.0'5'5 
1:10.1'53 

(6,213 
71",241 
rll.na 
72.2(15 
70.1)9 

c.6.0QA 
1i5.Q{l9 
b),f77 
1'.11.60", 
~9. 40 II 

~1 0171:1 
5?0)1I 
roll,IIto7 
);),900 
?9,)411 

21.775 
14.;?, ... 

"'.665 
.90(> 

8.461 

116,2V4 

5].IH4 

01.11"? 
69,049 
76.642 
04.!.!JII 

LogKp 

,r.F'IJIIln 
223,"'70 
It Ci ,019 
n.olj') 

73,;;\9 
5011,45') 
4).;;or 

35,701:1 
30 • .3411 
26.31? 
?3.HI 
:i'u,b24 

Ib,'J?\ 
16,7'54 
15.<'1.19 
13."''S5 
I?b)! 

11.01.11.1 
10,"'69 
IO,Ia6 

9.43l:! 
0. 7 59 

a,HO 
7,5711. 
7,0')4 
6.575 
t>,IJ? 

5,720 
~, 337 
tI,978 
4.(4) 

tI.3;Jtl 

).322 
,dl.lO 

,bS4 

t,:'" 
1 ,'ll:!tI! 
1.Y24 

?,""'l'o 

2.5t>O 
2.051:1 
3 o ll,,, 
3."113 
3,6d2 

Jt',6(ll 201.070 171.111 155.~~? ,,96.11? 91.04J 3,"]b 
J( .':lAY ZOe.303 171,705 \59,112 2911. 4U) "'9,4511 li. .180 
3.:: .572 202.9211 11'2. ?Ilt! 162.)70 ,,9'" .~O.. ! 01,Of,7 4. Q I S 
J.:.5'SQ 203,533 11'2.fl61 165,6211 797.1~b t1I.l,b90 4,64<' 
-,':.537 204.130 P'J,1I2" \6~,8t11 .. ;o97.5~~ 1220326 4,1:161 

J<':,';?I 201ol,716 H).HI:! 172.13" .. 2 Q ".Otl'> 1?(j.95~ 5,(177 
JII:,50" 205,;(9? j1t.l.S22 P'5.3Il5 .. 019,11.<107 137,591'1 5.276 
j(.I.lAb 205.657 11'5.0'56 178,~35 .. 298.9)9 145.U,'I" !:l.471.1 
J.:, Q 7 J ;:>06. 412 17~. ')iI" 1I11.Pl8] ,,99.43';) I ~2. 91 9 ~, b6q 
J;':,'5' 206,9St! 176.103 185.129 799.953 160.59A 5.llS0 

Dec. 31, 1970 

IRON DICJ-lLORIDE DIMERIC (Fc
Z

C1 4 ) (IDEAL GAS) OF"w 0 253,505 CI/e2 
Point Grollp (D2h J 

529B.15 (111.0 '! 3] gibbs/mol 

G:-ol.md State Quantum Weight [10] 

Electronic Levels and Qua.n:tum We~ 
-1 
~ ~ 

t 4600) 

( 7140J 

( 10] 

DO) 

[5] 

Vibrati~.mal Frequencies and Degeneracies 
-1 -1 -'!. -1 
~~~~ 

[30J (1) [90l (1) flSO) (1) 249 (1) 

[50] (1) 110 (1) (180) (l) 325 (U 

[BO) (1) [1251 (1) [200J (1) 1<38 (l) 

Bond Distances: re-Cl" [2.17] A re-Cl'(bridge):: [2.30J; 

,jKfO :: -103.7 1 kcal/Jrcl 

,jHf29B.15'" -103.1 1 kcallmol 

Bond Angles: Fe-Cl'Cbridge)-fe" [90"] Cl"bI"idge)-fe-Cl'{bridge) [90°] cr" (4) 

Cl-fe-Cl'O::ridgeJ = [l35~] _111 3 6 
Product of the HOlnent!'> of Inertia: IAIB1C':: [1.7005] >: 10 ... g cm 

Heat" of formation 

Beusr.'Iil/1 <'V reported 'the partial pressures of the monomer and climer in the temperature range from 9S0-1l57~K using bo'th a 

stati.c method 'to det.0r'::line 'th-e 'total pressures of 'these two species and ~ transpiration method to d;;l'termine the ratio of monomer 

to dimer. Schoonmaker lLl1d Porter (.!) determined Class spectrometrica11y tht;! partial preSSUI'es of the monomer and dimer in the 

'temperature ra,..ge from 521_556 G K. Based on the combination of th13se two sets of part:ial pressure datil, we have derived a smoothed 

equation log Kp(dtm} :: -7549/T'" 6.505 foY' Fe
2

C1 4 (g) :: 2FcC1
2
(g). 2nd law analysis of the equilibrium consta.'lts gives 'the heat 

a.'1d the entropy of the dimerizaticn Cit 296' as LlHd '" -35.7 kCdl/J:K)1 .s.nd <'lSd::: -32.0 eu which lead to the adopted 

.... Hf29B(fe2CI4, g) :: ··103.1 kcal/mol and S29SCfe2C14' g) :: 111.0 eu, using ~Hfi9S(feC12' g) :: -33.7 kcallmol and Si9S(FeC1
2

, g) ;:: 

71. ~O eu (.:1'. 
The equilibrium constants derived from the t1.l0 d::i fferent experirr,ent:al techniques are reason4b1y consistent: considering the 

uncertainties inherent in the problems. COpbinat:ion of these two sets of data leads to reliable 2nd law heat and entropy since 

the 'remper'atu!'e ranges 4r'C different by .. nO'K. 

He~t C4pacity and Entropy 

A pldndr structure with syrnme'try was $ugges'ted by L(!roi et al. (~), Thompson and Carlson (.§.). Two i:-on a.'ld 'two chlorine 

dtoos form a square. The Otlt:er re-Cl dist4.r:ce is estimated to be 'the same as in feC1
2

(g) and the square Fe-CI' distance is assumgj 

to be slightly larger. The Cl-re-Cl'bridge angle is estimated to be 135". The three princl.pal momen'ts of iner'tia are: I
A

:: 

31.13 x 10-
39

, IS " 218.68 x 10-
39 

g cm
2 

.md IC :: IA + IS' The electronic levels and quantum weights were ar'bitr'arily estim<i:ted 

to be the SaJ!ie as in FeC1
2
(g). 

are only fou!' vibt'ational frequencies observed in the ~,atr~x isolated infrared spectrum, v
IO 

:: 110 cm- 1 and v
12 

436. ~ (.§.) J V9 '" 325 cm-
1

, \)11 " 249 cm-1 and \llZ :: 1l3S cm- 1 '§). The other 6 fundamenTal vibrational frequencies were 

estimated by comparison with other' dimer molecules and also adjust:ed so 'that they give S29SCFe2Clu,' g) '=: 111.0 eu which holS 

been discussed in the earlier Heat of forrr,d,tion par''!:. The order of the frequencies listed above is arbitrary and no'!: related 

1;0 their species types. 
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Si I icon Tetrachloride (SiCI 4 ) 

( I dea I Gas) GFW % 169.898 
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,000 
"9.770 
70,994 
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90.914 
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IOB.09() 
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SH .. !CON TCTRACHLORIDE (Si (4) (IDEAL GAS) ON 0 169.'" C I 4 S i 

Point Group Td \HfO = -157.9 !" 0.3 kCdl/mol 

S298.1S:: 79.07 0.05 gibbs/mol :'.Hf298.15 _158,11 '!: 3 kcal/mol 

Ground S'ta'te Quantur.i \~eigh't :: 1 

Vibrational Frequencies and Degcneraci",s 
-1 -1 
~ ~ 

425 !: 1 (1) 

IllS! 2 (2) 

Bond Distd..nce: Si-Cl::"2 .0173 ~ 0.0034 A 

Bond Anglt>: Cl-Si··Cl:: l09C 2 8' 

620 (3) 

220 4 (3) 

12 

?roduct of 'the Moments of Inertia: IAIBIC:: 2.60708 x 10-112 g3 emS 

Heat of Formation 

Gross et al. <.1) measured th<l hedt af farm<l'tian of SiC14 (t) by 'the diNle't chlorination of silicon in a bomb calorimeter. 

Corrections for the difference in heat: c:on't~nt between liquid dnd gaseous chlorine d1: 2~"C dnd 1 dtm led to the value or 

(SiClI.j) n = -165.49 ~ 0.16 keal/mol. Combindtion of ,jHi 29S (,n with llHv
29S 

:: 7.09 kcal/mol (see belaw) gives !'..nf 298 (SiC1 4 , 

-158,1.; ± 0.3 kcal/mol which is adopted in the tabulation. 

Sehaf<:;r and Heine el) measured both he<lts of solution of Si(c} and SiCl,,(.o in Hf solution containing Agf which gave 

:: 42. 7 ~ 0.4 kcal/m:Jl for·the ove!",all reaction SiC1 4 (0 ... ~""'g(cl :: Site) "" IIAgCl(C) and led to "Hf29S {SiCll.>' t) :: -164,19 

in agreement with the value ddopted, using "Hf;90{AgCl, c) :: -30.37 kedl/mol (l). • 

Wolf (~) detel:'mil1ed the heats of solu"tion of SiClll(t) and Nu:>Si0 3 'SH
2
0(c) in NaOH ~olu'tion .. ~nd derived 1'.111'298 ::: -129.3 

kcal/mal for SiClll't) .j. 13NaOH(27.8 H
2
0) :: Na

2
Si0

3
(c) ... llNaCl .j. 3J-l

2
0(t.) .. 7NaOH(S2.l4 H2 0) which leads to ~Hf2$8{SiC14' t) :: 

-lS6.7!; 2 kcal/mol, using dll JANAF ;J.uxiliary data and heats of dilution of NaOH from Park€t' (~). However, Wolf's data are 

suspect dllO<!. to uncern.inties in how he converted his data from Na 2Si0 3 (ca10ril!letric solution) to Nd. 2Si0 3 (c). Beezer and Mortimer 

(2) measured. 'the hea:t of solution ilHr
298 

:::; -97.0 kcal/rnol for SiCl.4<.t) ~ 185 Hf{4.335 H
2
0) := 4HCl(11 1i

2
0) ... (H 25iF6 , 179 Hr, 158 

H20] and combin.ed with those of Good (2'.) for [H
2
Sif"S' 1.;1 Hr, 171.> H 20] solution by neglecting the unknOloln heats of dilution betwe.en 

"the two ca,lorime'tric solutions and oM:ained uflf
298

{t) :: -169.9 kcal/l:'.ol which is in poor agreement' with the value adopt:ed. In both 

the measuremcnts of Violf and Bcezer, the final state of the calorimet:-oic solution is not we.ll defined or not well known, thus it 

ledds to large uncertdin'ties in their r~sul ts. 

Other calorimetric studi-=:s involving aqueous hyd:r-olysis of SiCl
'l 
(.0 to form Si0 2 ( colloidal solution) have been reviewed by 

Gross et iiI. C.1}, Since 'the Si0
2
(calloidal solution) is an ill-d~fined state, the heat: of for-!llat:ion of SiC14 (t) derived from 

hydrolysis data. is quite unreliable. 

Heat: Capaci'tv and En troEY 

Horino and MUrata (!) medsured the adopted bond distance by electron diffrdction. Their va.lue WdS confirmed by Ryan and 

Hedberg (~). :Morino et al. (lQ) ob~e:r'ved 't!1.c ;)dop'ted 

Infrared ddt:d of Smi th (11) confirm that "'3 

lA =- IS :: Ie ':0 5.30(13 x 10-
38 

g cm
2 

Vaporization Di1t~ 

frequencit:'s from the infrared and Raman spectra. f~oJ:l. tht! vapor. 

The moments of inertia are 

Vapor pressure ddta ra. .... ging from 20° belo'..1 TIn (supercooled l£quid) to 10 9 above Tb are in reasonable agreement' as sUllUTlarized 

below. The analysis is based on fugaci'ties calculated from vapor prese:lures by the approxima:tion of Pit'zer (11) using Te = sOS-K 

(lQ), Pc = 37.1 at:!:l (11) and ILl =- 0,26. At 29B.15&K 'the calculated f/P is 0.982 compared with 0.984 observed by wood (ll). The 

analysis ,'ll~o presumes a linear varia'tion of the liquid phdse Cp based on 33.3 gibbs/mol d't 210'"K d.rl.d 34.2 at 300
o:c. The latter 

value is from data of VoId (12) since earlit!r da1:a (77_294")<;) of Latimer (g) appear to have a large positive bias below 'I'm. The 

Cp dt 210~K assul:les Latimc:-o's value 'to have about 1 pe:-ocent bias by an<llogy with his data for CC1 4{t). 

Source No. of Points Range, T~K tlSV 298 , <lHV298 , kCdl/mol 

Combined 14, 15, 2'l 19 275-341 21.45 '!: 0.04 7.09 !; 0.01 

12. Balk (1964) Equation 183-204 21.1.3 7.19 
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Cobalt Trifluoride (CoF3l 

(Crystal) GFW = 115.9284 

I -";b"'I"""_ '<Sllmol 
T, eK CpO S" -(G"-H"w,t}{f H"-HQ_ 6.Hr' aGf" Log Kp 

o 
100 
200 
298 21,941J 22.600 n,&OO ,000 5 !8R,900 g 111.8]1 12~.95'5 

300 2.1.101 22.736 n.()oo .OUI 1".0;,891 171. '?') 12:'.lO? 

'00 2';,;;>96 29,2'" 2J.484 2.316 1 ~I!. 36'5 t66.07f! 90,741 

'00 2J.!i29 34.~J6 7').18~ 4,675 1"7,890 IbO.560 10.181 

600 2~. 009 38.896 <'?lld r.Ll!:)' \87.430 1:'5.137 56.:'09 

700 ;C<i.192 42.611 ?1t.072 9.47{ tlP.O)! 149.7E16 lib. r05 

BOO 2<1.17" 45.85) )0.971. 11,90'5 186.762 1114.1.177 39,469 

90O .!.~. ".,7<; 1.18.735 3? ]R~ 1£1.J.,) 161'1.A27 139.212 33.805 

lulJu C:"'.d?S 51.33!.'\ )11.515 1I',.e'.3 166.139 lJ3.'HI::' 29.282 

1100 2~. ](\2 53.710 3~.! 5u 19.319 185.898 121'.779 25.586 

H~g- ---~-~-:-:-~-~ -- --H ;~H--- --;{-:-;-~-~---- -H~ ;~~----:--i-:-};~~; ---;. i H:i~{--' -- -i"~:~6~-
~e. .0)6 ~9 .676 40.60('! 76 ,9~6 IR5.60f 113.25'5 17.68U 

.:'0.367 61.663 41.9<10 29,606 ... !1\5.34~ ~ t08.0QS 15.'119 

~ ... 
:.-
~ 
n ,... .. 
11 ,.. 
~ 
0 
II 
,0 
< 
~ 
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COEA LT TRI FL.HORI DE (Cof 3) ( CRYSTAL) ON ~ 115.'28" CoF 3 

ilHfO Unknown 

5298.15 [22.6 3.0J gibbs/mol JHfis8 15 0: -188.9 3.0 kcal/rool 

Tm :: (1100 200J")( c.Hm = Unknown 

Heat of Forl';ld'tion 

Fowler et al. (1) determined cdlorimetrical1y 'the heat" of fluorination of crysta.lline Cof 2 at 473.15°K. For the reaction 

.. Cof 2 (c) + f'2(g) - 2 Cof 3 (c) 

they repor'ted 0H
r 

0: -52.01: 3.0 kcal/mol which yields I)Hr
198 

0: -57,4! 3.0 kcal/mol based upon ou!' functions for Cof
2

(c) and 

COF'J(cJ. Combining this result with 'the heat of fo:t"r:l.ation of Car
2

(c) (1), \ole d~rive uEfi9S<CofJ, c) = -186.7!: 3.0 kcal/=l. 

Jessup et a1. (1) investigoti'tcd calorimetrically this sam~~ fluorination reaGtion at 523.1S·K and reported l'IHr = -55.1 ! 2.0 

kcal/!!:-ol. This result leads 'to [\ilf 29S (CoF'J' c} = -16B.8 '! 2.0 kcal/mol. In the same inves'tigation jessup et al. (1) reported 

"llr60 .'l '" _7 11.0 ! 1.1.0 kcaJ/ooJ for 

2 Cof
3
(c) + H

2
{g) ... 2 Ccr

2
(c) ,j. 2 HF(gJ. 

Corrected to 298.1S·K we calculat:e unr::: _73.3 ~ 4.0 kcal/mol. Co:r..bining thiG rc:;ult with he.)t of formation da.ta for CoF
2
(c) (1) 

a.nd Hi'(g) (il, we derive ilHr 29B (Cor3 , c) = -189.0 ~ 4.0 kcal/moL We note 'tha:t the addition of these two results by Jessup et al. 

(1) leads to uH
r 

:: -129,9 !: 6,0 kcal/mal for 'the redction 

f!2{g) "" :2(g) - 2 HFCg) 

whieh is qui.te con~ist(;n1: with the result -130. 28 ~ 0.4 Keallmol calcula'ted from 'the selec'ted value for the heat of forma'tion of 

HF(g) (,::L Thus, it is apparent tha.t these two result:s at'£;: probably quite reliable, and we adopt lIHf298(Cof3' c) = -168.9 !:: 3.0 

keallmol. 

Jellinek and Koep (~) reported equilibrium cons'ta:1ts for the reduction reaction given a.bove in the tempcratu!'e range 

l:70-595"K. Second and t"hird la.w analyses oj:" t:hesi:l equilibrium data are summarized below. 

Range ~K 

1170-595 

Points 

t.Hr298 kcal/mol 

2nd L<1W ~d L4W 

31. 7 29.3 0.5 

We n01:e tha.t the second and third law values of t1Hr;9B for the reduction reaction 

Drift 

gibbs/mol 

-1I.7 '! 1. 5 

in considerable clis4g:rcemcnt with the 

calorimetric value of -73.3!:: ll-.O kcal/mol given by Jessup et ~l. (1), and no weight is given to these equilibrium data. 

Heat Capacity and EntroE{ 

Heat capacity dara for CoF 3(c) are estim<'ltec by comparison with those for feF
2
(c), FeF

3
(c), Tif

3
(c), and CoF

2
(c). 5

298 
is 

estimat:ed to be 22.6 gibbs/mol froJ:\ the ionic entropy contributions given by KubaschewBki, Evans, and Alcock (.§). we note th~t 

this method leads to S;98 = '19.4 gibbs/mol for Cof 2(c), which is in good agreement with the eXp€'rimental value of 19.60 !:: 0.10 

gibbs/mvl (,;:). 

Kel tillS Data 

Tm is estim<l.ted by comparison with those for other tT'<'Insition metal hdlides. We note thl'!lt Ruff and Ascher (2) reported 

Cof3 (c} as being thermally unstable droum:l 900"K, while S'te;;art (.!!.) recently showed that CoF1 {c) wa.s formed by hydrolytic 

reactiom; o'1 .... 1d not by thermal decomposition. The derived t.G f values fo:r CoF
3
(c) indicate that it is therL'lodynamicd.lly more 

s'table thil.. .. 1 CoF
2

{c) in agreement with t"hl:!o findings of Stewart: (~). In the tempe}"atur<;! range 298-900·j(, the Gibbs energy changes 

for' the decomposition reac'tion 

Z Cof3 (c) ... 2 CoF/d "" [2(g) 

are in the range '/.10-20 kcalimol. 
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Cobalt Oxide (CoO) 

(Crystal) GFW - 74.9326 

----glblJo/mol---_ k"'~ .... ,----_ 
T, "K 

o 
100 
.. 00 
<:98 

JOO 

"'0 
500 

600 
700 
.00 
900 

IUDU 

ilOO 
17.00 
1,;00 
11100 
1500 

1600 
1700 
I/!jQO 
191)0 
;>000 

2100 
noo 
2300 
?400 
?500 

2eoo 
::>700 
?~UO 

;,;900 
3000 

Cp'" se -(G"'-H"wl)!T W-W_ &.fir'" 

,OOli 
1Io.5':lu 

11.0. rla~ 
IJ.21t' 

I J,I05 
12. 6~! 
1:'.f\9r.,. 

12,911) 
13,079 
IJ.102 
1-', .. 7(.) 
1.J.Jd7 

I ".~9b 
lJ,BIl2 
11o.! U. 
14,4\," 
t oo .7 lll 

15. 01' ~ 
D.ll)!! 
1 ';>, 79) 
10.1"'b 
io.5ul 

lo,9)'J 
1 f .37Y 
1I.';>b 

)0.91)" 

1'J.Jb2 
\'1.7'1'7 
2v.l05 
<!\J.6IS 

,000 
20177 
7.386 

I? 1)66 

12.747 
16. li19 
19.?71 

21.62'" 
23.634 
7.5.318 
2('>.927 
?6.32t1 

2Q,614 
30.l'/.}7 
]1.926 
12 .9~J 
33.989 

)4.Q51 

35.~r'5 
36.7·H 
37.631 
)8,410 

39.287 
(lO,GIIl! 
(lO.Flb] 

41.626 
4?3" 

430109 
4l.BJ2 
41l.'jQ4 

45.2 .. 5 
1.15.9)7 

["lrl"OIT[ 
?JoI9~ 
13.9'j4 
12:.666 

1 :iI.66t> 
1)0169 
1 11.11 Q 

1':>.176 
16.244 
11.279 
I~. '267 
IfJ,201lo 

20,093 
20,<;)6 
21.739 
2~.50!:i> 
23.237 

'3.939 
21.i .61S 
?~. ::'6~ 

'5.893 
26.501 

?7,091 
".663 
21'1,2?1) 
?11.763 
' .... 293 

" 

7.2")5 
... 102 
1.314 

,000 

,O;?lI 

t.300 
,,'H8 

3 .fl7~ 
S.t 7 3 
6.479 
r.79tJ 
9.124 

10.41'3 
ll.i!!>'Q'; 
13.:;>U3 
14.669 
l~.IU 

17.6113 
19.14) 
20,104 
22.302 
2) ,938 

25,612 
2l.325 
29,078 
30.811 
3?.704 

]tJ.51A 
36.1191l 
l~. !'o~1 

.tIO .!l~O 

.tI2.490 

Dec. 31, 1970 

.. 56.698 
- 57.216 

')7.::J3 
56,,1120 

SIl,813 
... Sf> ,50r 

'56,;>'I1l 

5"i ,02.fl 
... '5"i.8)6 

.,'t,.T91 
S"i.66? 

• 'j'S ,619 

';';.60' 
.. .,".64 1 

5".17.u 
"",.011 
,)').981 

S'l.a!:i9 
- .,., ."~ 1 

59 •. '60 
- S9.17' 
- 5 11 .960 

51\.706 
5",1117 
5"1.(\9u 

- '57.r0:6 
... 51.325 

'5~ .~a'j 

':11::>.,,06 
~<;.l'I69 

'5';.H<? 
'54.r36 

"GI" 

56. 8 98 
- ':)50160 

Sl,tOz; 
~t. 150 

~1.1 1'5 
.. (19.<.1611 
.. 47,4.'14 

4'5.753 
4'1,056 
42.369 
40.69.'1 

• 39.037 

37.JflO 
3~, 721 
311,057 

~ 32.377 
30,690 

29.007 
27.334 
25.60? 
23.731 
?1.672 

20.023 
la.1SI'! 
16,3"7 
111,560 
1~.770 

10,996 
9.2110 
? .SD2 
5.7"3 
11.01'.5 

lAg Kp 

INr INlTf. 
101'0.596 
"S,U30 
37.'I911 

31,237 
26.\117 
20, f55 

10,01'05 
t). '55 
11.575 

9.1:183 
1:1. ~ 31 

7.'l27 
6 .~06 
5.72') 
~.OS'l 
4.1>'/'2 

3.962 
3.514 
3.109 
2.730 
2.J90 

2.0,",,, 
1.t!Or 
1.!:I55 
1. J?6 
1.116 

,924 
,748 
.S60 
.4Jt, 
.29.'1 

COBALT OXIDE (CoO) 

Siga.J.s = 12.67 ! O.OB gibbs/mol 

Tm = 2078~K 

Heat of formation 

( CRYSTAL) GN ~ 74."25 CoO 

oHfO = -55.90 ! 0.10 kcal/mol 

6Hf1.9S.15 = -56.S2 ! 0.10 kcal/rool 

.lHn '" Unknown 

Boyle et <11. (1) mel1sured 'the heat of combustion of metallic cobalt at 303.l6 8 K. Their analyses of the combustion products 

indicated that some overoxidation of the metal had oCcur:N!d. Correction of their results to cor-respond to CoO w.!Ls.made on the 

assumption til",t the excess o>cygen was combined as Co
3

0ll,. Also 'the andlyses indicdted that the cotlbustion products had attacked 

the silica-gldss capsules, usee! to hold the metal samples, resulting in a.ppreciable l1ll':ounts of silicate formation. Corrections 

for these two side t"eactions a=u.nted to three percent of the total measured cnet'gy of combustion. From these data, we derive 

... Hfi9a (CoO, c) '::: -57.0 t 0.3 kcallmol. Roth and Havekoss (~) also investigated calorimetrically the corebustion of metallic 

COb4lt dIld reported uHf 293 (CoO, cJ '" _57.2 !: 0.2 kcal/mol. 

Second and third 1a.1oI' analyses of several equilibrium studies (1-.:1,1), emf measurements (]d.), and mass-spect!'O::nctric 

studies '.±.§,) in.volving CoO( c) a.re 5ununal"ized below. 

Temp. No. of ilHr29S ' kcal/mol Drift 

gibbs/mol 

2. latO. 54 

*llHfi9S(CoO, c) 

kca1/D'.ol Inves-rigator 

Chaudron <.§) 

Method _ Reactioll Range e K Points 2nd Law 3rd UtI.' 

Equi libriw:; 1073 -132 3 

Wohler a.nd Bah (~) 

Ern.mett and Shultz C.§.) 

Shib4ta dnd Mod (&) 

Kleppa (,1) 

Aubry and Gleitzer <.~) 

Balakirev and Chufarov (J) 

Equilibrium 

Equilibrium 

Equilibrium 

Equilibrium 

Equilibrium 

Equilibdum 

Schenck ;1nd Wesselkoch (lQ> Equilibriutl 

A 

A 

723; l02.3 

723-843 

595-1194 

738-898 

l073-1498 

773-1173 

1173 

-3.51 -l.05.tO.57 

3.32 

-0.81 

0.17 

-0.93 

-0.15 

-2.20 

0.78t1.24 -2.91 

-1.07tO.04 -O.34tO.04 

-1.15:!0.53 

-0.89tO.05 

-1.01tO.27 

-O.ShO.49 

-10,73 

-1.1.I0tO.ll.l 

O.04'!:O.25 

-0. S7.J:O. 21 

1.4hO.J6 

-56. 75.!:O. 57 

-58. 5St1. Z4 

_56,73!;0.04 

-55.6:''!:0.53 

-56.9he.OS 

-56.7StO.27 

-56.97<:0.50 

-56.91 

Watanabe OJ) Equilibrlu::I 836-1134 Equation -11. 58 -10.84tO.17 0.76 -56. 79!:0, 22 

Errur.ctt and Shultz (11) 

Kiukkola and W",gner {g) 

Grimley et d. <.! .. §) 

Equilibrium 

emf 
IlUI.ss. spec. 

Reactions: A. CeC(e) + H
2
'g) .., coCe) + H

2
0(g) 

723-81.1::1 

1173-1373 

1578-1744 

C. 0.947 Fe(c) ~ CoO(r:::) - Co(c) + F€?:O.S470(c) 

-10.99 -lO,81!:O.03 O.24!:'0.03 -56. ShO.IO 

-6.26 -6. 59:!:0. 05 -0, 27:t0 .12 -57.05!:O.25 

19 47.15 5!l.SOtO.65 -4.59H.19 -54.80!'O.65 

B. CoO{C) CO(g)'" Co(c) + CD
2

(g) 

D. coO(c) -> CoCe) ~ 0.5 02(g} 

*Third Lliw value based on JANAF t.Hf~ data (~, £) for H20C g), coe g), CO 2 ( g), and FeO• 94 70( c) 

Emmett and Shultz (2) in thei!" investigation of the H2 reduction of CoOCe) clearly estahlisl'H!!!d by X-ray photographs that the 

only solid phases present during the equilibrium measurements were CoOCe) and eo(c), and they found no evidence for the formation 

of a s.olid solution betwiOen these two solids. furthermore. we note that the third 1",10.' values of l'.Hr298 calculated from their 

equilibrium d<lta for the HZ (2.) a.nd CO ell) reduction of CoO{c) leads to !,Hr296 '" +9.74 .';: 0.07 keal/mol for the ::-e4ction H2 (g) + 

::02(g) .. COCg} + H20(g») :.Jhich is quite consistent with the value ,jH!" 298 ::: ~9.84 .';: 0.05 keal/mol calcula.ted frore JAJIAF heat of 

formo.tion data (!..2.) for ::OCS), CO
2
(&), and K

2
0(g). 'tho,? adopted hea.t of formation for CoO(c). uiU 298 (CoO, c.J '; -5£'.B2 ~ C.l.O 

kcal/rr,ol, is the average of the l:!Hf298 values calculated from 'the results ot" Emmett and Shultz: <2, .!.V and Kleppa (1) and is in 

reasona.ble a.greella~nt 1oI'ithin the Wlcertainties with the calorimetric work (.:1:.), .other equilibriun: studies (1, .§., ~,',2., 12, ;],). and 

the emf r'esults (Q). 

Heat CApa.ci ty <lod Entropy 

The adopted heat capacities for CoOCe) in the temperature range 5l-29S*K .!Lre those of King (17). These data have a pronouncEd 

maximum at 287.3"K, at which point the heat capacity is greater tha.n 17.6 gibbs/mol. At>say4g and~izette (.!:!) also M4surecl heat 

capa.cities for CoO(c) between l80-t. OO Q K 8nd reported a maximum. at 2a9.7°K. Presuma.bly this anomaly is of the magnetic type. Heat 

capacity data above 300 eJ{ are c",lculated from the high tamper-ature (400-l600"K) enthalpy data of King dn.d Christensen (~). Both 

sets of data. Io;'ere smoothed by computer and joined at 298.15~K. 

The value of S;98.15 is obtained from the low temperature heat capacity data of King. (ll) and is ba9cd on 5 5l 0.42 eu. 

Mel ting Data 

Tm is the ave!""age of va.lues reported to be 20l;l3 eK by Wartenberg a.nd Prophet (lQ) and 2073°K by Wartenberg et al. (1.1.). 
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Cobalt Sulfate (CoS0
4

) 

(Crystal) GFW • 154.9948 

T, "K 

o 
'" 200 

'" 
300 
.00 

'" 

____ gibM/mol ___ ~ .teal/mol 

CpC s<' -(G"-WDIJ)rr W'-H"8M o.lEr 

.000 
1 0, b2~ 
19.1(\1:1 
711.070 

2_,7 70 
2t1.510 
]1.440 

.00('1 
9.022 

19.]09 
28.054 

?B.ZO? 
)~. !l64 
42.';15'; 

INrI~IH 
46,029 
3D,lllt! 
28.05" 

28.05. 
29.07) 
31.11" 

A olt'O .. 2tc.Ore 
3.701 .. 21103]5 
?db T ... 212.043 

.000 .. 212.300 

.01l6 .. 212.301 
?716 :;<12.766 
5.720 .. 2l2.IHO 

"G!" Log Kp 

.. 2lD.ore INrl14IH 

.. 203.477 44011,699 
t 9~.310 213 • .(';1'4 
t67.02 7 137 .095 

.. 186.IHl 136.135 
17A.37 7 97.461 
169.768 7".205 

600 J).620 118,lI.!l9 33.'52::0 "I.91e1" 212.61 Y 161.173 58.707 
700 )'),200 5). '96 3b.OIl.Y 1?1I?3" 212.254 152.603 47,64'5 
bOO )1).3110 'S6.~r.t 38.571 16.003" 22~.955 1"50366 39.712 

I~gg -t~':)Q~ :,:~~: H:~~~ ~~::~~: g;':A~? ~n::~; ~J:::~ 
1100 
! 200 
13no 
1400 P.oo---
1600 
,700 
1600 
1900 
,000 

36.)40 71.001. 115.756 ?7.71.12" 222.06~ DO 115.996 23,0116 
3a.a30 7 I!. ,3610 &6,0]0 )1.601" 221.3)7 .. 106.384 19.J15 
3<,1,270 T7,48v 50.177 3".506" 220.61H DO 96.el1 16,279 

-!-~-:-6~g ----~~: ~ ~~- -- --~-~-:-}~}----- H-:~i~----:--~I~;}H -- ~ --~{-:-:-~-~- -- -H: t~~-
40.410 65.761 56,09f /1 7 .462 ... 215.&'57. 65.162 9.3'52 
40,150 A6. 2~' ';7.915 ':>1.,}2° ... Zt1.".i1 4 59.116 7 ,600 
41,090 90.56(1 '}9.06'4 5'1;Io~tJ ... Z20.01l1 1I9.7S 7 6.041 
IQ,41iJ 92. '90 61.31!.9 59.1)8 - ?19.~27 110.297 1!..635 
41.7';1) 94.9;(,2 62.915 63.89'5 .. (' iI~, S8Q 30.1191 3.370 

Dec. 31, 1971 

COBALr SULFATE (CoS0 4 ) (CRYSTAL) GfW ~ 15'."", CoO 4 S 

S29B.1S = 28,05 ! 1 00 gibbs/mol 

n(a .... ~) '" 964 K 

To " 1413 K 

Heat of rOI"'IT,ation 

t.HfO = -210.1 .!: 0.3 kCdl/:r.ol 

lI.Hf29B.lS :: -212.3 t 0,3 kcal/mol 

8He = 0.51 :!: 0.10 keal/mol 

Adami and King C!) determined calorimetricaUy the heats of solution of cr-ysta.llin~ CoO dnd a-CoS01.; in hydrochloric acid 

solution. Fro:n the.se measurements they derived the heat for 'the reac1:ion CoO{c) ~ H
2

S04 ' 7.068 H
2
0(t) -.. CoSO,,(c) .. 

a,068 H2 CCt) as 6Hri9B ::; -ll!..2S0 :!: O.UO kcal/mol. Combining this result with heats of formation for CoO <I), H
2

S04 
7.068 H20 <'~), and H20 (l), we derive 6Hf 2SS (C:-Cos0l.j.' c) :: -212.3 ! 0.3 iccal/mo1 which is adopted. 

The total pressures of 303 (g), S02(g), and 0i{g) over CoS04 (c) in the tempera.ture range 1100-1300 !( hi'-ve been ceter.nined 

by 1:1anor:u:!tric (':!"-2) and transpiration (.§.) methods. Previous investigators (~-.§.l analyzed these data sol.ely in terms of two 

equilibria, na.ll",ely (a) CoS04 (c) l: CoO(c) oj. S03{g) 4nd (b) S03(g) :: S02(g) '" 0.5 02{g). However, Warner (lQ) h<1s shown 'that 

CoS01.! 'takes part in three successive, univariant, decomposition equilibria as the temperature is increased. C:lJ01.! is the 

decomposition product at low ternpct'atu:r-es «1150 K), a mixture o~ Co 30 4 .s.nd CoO at intermediate temperatures, and CoO at high 

temperatl.!I'es. Second- and third-law analyses of those points involving only equilibria (a) and (b) 4N given below. The 

<:lppea,r4nc:e of Co 3 04 as d decom-position product was de'tel"lllined by comparing the oxygen p~rt:i41 pressures tha.t were calcul.ated 

from the total pNlssu're data with those for the decomposition reac'tion (c) Co
3

0 .. (c} '!>: 3CoO(c) .. 0.5 02(g) (1). Espelund and 

flcngas (~) tledsured the free energy of reaction (<;1) in a high temperature solid electrolytic cell. Here, no Co 3 01.; was formed 

over the entire t"cntper'aturt'! rang!! (827-1133 n, since the oxygen pressures in th~ cell weN too low to oxidize the CoO. 

Results of an analysis of these date. are also given below; 

Invt!stiga'tor 

March,d <:!-) 
Schenck and Raub (2) 

Warner (.§.> 
Ingrahar.. (1) 

Alcock et al. (!) 

Espelund and fleoga!! (~) 

Reaction 

dO. 

No. of 
~ethod ~ 

Manometr-ic 17 

MdnOIT'.et"ic 14 

l'I.anometric 

Mo).nometric 

l'ranspir'<l.tion 

,mf " 

1ll!.3-1303 

1099-1243 
1l.64 
1175 

1144-1210 

1131-1217 

827-1177 

.. Third law value based on JANAF heats of formation <.~). 

"'. Reaction: (d) 1CoO(c) -+ 2S0
2

(g) ... 02(g) -:. 2CoS04 (c). 

..'.Hr"99 , ked/mol Drift "'4Hf 29S (CoS0l!.' c) 

2nd Law 3rd Law eu kcallmol 

>"'-.5 60.4tO.5 '-'.9 .!: 0.6 -211.8!O, e 
68.5 60. 9'!O. 7 -6.3 t 1.1 -212,3-!1.0 

56.9 59. hO.3 , .1 -210.B!O.3 

59.1 59.1tO.l 0.04t 0.91 -210.6.!0.4 

-191.1 -H6.8tL« 20.2 t 5.5 -211.2tl.5 

59,5 $9 .StO. 3 O.OBt 0.22 -211.0!O.6 

TheBe r€sul"ts indicate that the Gibbs-energy functions dnd equilibrium da'ta are in genera.l consistent within cxperiC'.entdl 

Heat Capacity and Entropy 

The low ternperat:ure (52-299 K) heat capacities d.r-e those re?Qrted by Weller (11). No anomalies appear in these data. 

Heat capa.cities in the tcmperatu.r-e T40ge 300-2000 K are '!st'imatcd i:ly comp.!.I'ison with those for CuSO,-, (?). 

Si99 is dete!"'i':lincd from the Cp d.!!"ti! based on S51':: 1.55 oJ> 2.75 eu. The 1.55 is d l<!:ttice contribution, while the 2.75 

is the entropy associate,,- with 'the ordering of the Co+ 2 spin moments. In assigning the magnetic entropy, it is ;,ssumed that 

all of tl)e contribution Nmains 'to be extr<l.cted below 'the minimum temper,sture {52 K} of the heat capacity measurements (1]). 

Transition Data 

the temperature (Tt) and "the heat (cHtO) of 'the a;-~ tra.nsition for CcS0 4 are fr-om the differential therma.l analysilJ 

studies of Ingraham and Marier (.±1.}, O'ther 'temperatures reported for the transition are 590 (.§) and 903 K (ti), 

Temperature of Decomposition 

Td is the temperature a.t which the Gibbs energy change for the process CoS0 4 (e) .... CoO(c) + S03(g) is zero. 
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Tricobalt Tetraoxide (C0

3
0

4
) 

(Crystal) GFW • 240.7972 

~---gibbs/mol---_ ---- kalimo"----_ 
T,'" 

o 
100 
200 
298 

JOO 
'00 
500 

'" roo 
000 
900 

1000 

Cpo So -(G<'-H"uI)(f 

.001) 
0.114 

?O,93e 
2v.llIl! 

;:0'>1.':120 
J14,n9b 
3e.!:I3£ 

3d.9j<! 
"1,1491:1 
IHl.2r:11 
L1f .;;ott! 
')l).co2 

.000 
r .526 

17,21R 
?l.:jJ';) 

Z7 , .. 97 
)6. 'l"i 
IHI.~9n 

51.lIe,6/. 
')1.056/. 
I)J.J7" 
6M. !5Q 
73. tl91 

INFJNJ TE 
IIl.l!>O 
29.7H 
2i ,31" 

270llti 
2t1,5Q) 
30.981) 

H.fl16 
36 .80~ 
)9,773 
6I2.69f 
45.562 

H~-H"2h 

.. 011 .295 
3.982 
;(.510 

,000 

10.575 
1«,594 
II'! .1162 
:?J.4'j1'l 
2R.329 

MIl" 

.. 21011.228 

.. 21~.675 

.. 216.966 

.. 217,'500 

.. (1 r.'5011 

.. 2l7.550 

.. 217.442 

.. 2li",258 

.. 216.973 

.. 216.f'l61 

.. 2tt..ll? 

... 215,655 

.Gr' 

.. 214.22t! 

.. 207,59,1' 

.. 198.970 

.. 190.001 

,89.83° 
.. 180.591 
.. ! 71.360 

.. 1620161 

.. !~J.OOO 
~ 143 ,fta 3 
.. 1)111.1116 

125.71 7 

Log Kp 

{!.IF'lNl TE 
453. 7 0) 
2 P'. 425 
139,274 

138.291 
96.670 
74,902 

59.,)61 
47.769 
39.296 
32.'21 
21.,1175 

tlOO '>.3,]90 l8.till 1i!:!,]6) 33,')11" 214,902 .. 116,760 23.196 

-:-~-~-~- -. -·~S~ ~~~- -. -~~-:-~-~-~-- ---H:} ~~- .----;-~-:-~-~-:--- ·~-H j :~~-~- - -:--~~~~~~g-- -. -H-:~-;-~-
}"OO OJ.OI'll1 9/?,01'" :lCl.1l0d 50,973" 212.<:;;.'6 90,302 14.097 
l~OO "'6.3~2 97.267 Sd.9"~ "!l,UO" 210,171 - 81.631 11.tl94 

Dec. 31, 1970; Dec. 31, 1971 

TRICOB/'\LT TETRAOXIDE (CoJ0l;) ( CRYSTAL) GfW :: 240.7972 C0 304 
Td := 1220 K "1Hf; :: -2lI.!. 2 1. 0 kcallmOl 

S298 IS 27.32 1.00 gibbs/mol L.Hf;98 15 -211.5!: 1.0 keal/mol 

Ht!at of Formation 

Sugden and Pratt (;!) measured free enerlt';ies of Y't!action fo-::, Cal 2Cu(c) C0301~(c)'" JCoO(c) .. CuZO{c) and (bl Ni(c} .. 

Co 3 C4 (c) """ 3CoO{c) .. NiO(c) from hi.g.'1 'temperature solid electrolyt:ie cells. These data were subjected to second- ar,d third-law 

analyses Iofith results summarized in the following table: 

~vestiMJ:9T __ _ 

B\,l.gaen ana PX'<:l:t't n} 

foo"te and Smi 'th (~.> 

Wdtar.,1be (~) 

Chufarov et a1. (~) 

B,J,lakirev .!Ind Chufarov <.~) 

Roiter and Paladino C2,} 

Ingrahdm C.§.) Set I 

Set IT 

O'Eryan and Parrdvano (2) 

Reac!J._S'!l Method 

emf 

emf 

l1anometric 

ManomE:!trlc 

Manometric 

Manomct!"'ic 

Temp. 

~~ __ l\_ 
SOO-1150 

650-1100 

1073-1243 

1128-1233 

973-1173 

923-1173 

M<ll1ometric lU9-li20 

Manometric 1101-1159 

No. of 

Points 

t:qun. 

Equn. 

!-:anomeT.:ric 1086-1219 19 

X-ra.y & Wt. Loss 1073-1243 Equn. 

:lH'?"298, kca1/mol 

2nd [,,21.1 3rd ~w 

5,1 ,&, 3~O. 2 

-12.0 -lO.6!O.? 

3!j..5 '-17. 2 ~ loll 

38.1 47 .9!O. 7 

'l7 ,9 46,4t2. 9 

33.8 l,S.1!:2.S 

36.4 

41.1.; 

35.6 

40.3 

47 1 ~ 0.6 

46 8~O. 2 

46 9~O. 8 

47. 3!O. 8 

~Thi["d la.w values based on uHf
29S

CCoO, c) = -55.82 ~ 0.1 kcal/mol (~). 

D::-ift 

1.1 

1.3 

1Q. 5.t1. 3 

a. 3.tO. 8 

17.0!:O.6 

1l.3!:2. ::. 

9. 0~2. 0 

I, .b!:0.4 

9.7!:O.2 

5.9 

"t.Hf29S(Co301o' c) 

kca1/rno1 

-'217. 5.tO. B 

-217 .1.tO. B 

-'217.1!1.5 

-ne .1f.tl.O 

-216. 9!:3. 0 

-lI6.6.t3.0 

-217.61.1.0 

-217.3~O.!. 

-217.4~1.0 

-2;'7.8!1.0 

Both sets of emf data are much more compatible wit:~'l the adopted func'tlons than tht! dissociation pressure data (see discussion 

below). The results obt:ained with 'the Cu/Cu
2

0 reference couple <Ire }udged to be more reliabl8 and 1edd to the adopted heat of 

formation, J!-!f29S(Co304' c} ::: -217.5 ! 1.0 kcallmol, when used in conjunction wit:h JANAF (l) h(!,Jts of formation for CoO and Cu'20' 

-Equilibrium oxygen pressures for the reaction (c) Co
3

0
Io

(c) ..:- 3CoO(c) .. 0.5 02{g) have been detel"lTIined by numerous investigator~ 
(l-~). Second- and third-law d.."),alyses of these data a.re given in the above table. Within each set the second- clnd thit'd-law 

v.:;.lues ar'e not in agr-eement, and dll sets contain large posit:iv(! drifts, Warner C.!...Q) has suggested 'thdt these disc!"ep.anci~s 

a13 a r-esult of an error in the measured standa.rd entropy (~U) for Co
3

0
4

. However, once the magne'tlc contribution is included 

(see ~ntropy write-up) 'the real error i" this value is pr'obably no &I'eater than one eu. The other possible source of er-l"OI' is lac.k: 

of true equilibrium conditions. Recent th(!rrnogrdvifll~tric (~), X-ray (.§), and kinetic (1, 12.) studies of the Co 30Ij-CoO-0 2 system 

.111 point to a.n ir:ocversible reaction. r:'1erefcre, no weigh't has been given to 'the dis50ciution pres::;ure dd.'\:a in our evaluation. 

E~<.It Cdpacity and Entropy 

.s:a. .... 

.s:a. 

n 
::x:: 
l> 
I.n 
m 
m 
-t 

Th'? low t:emperatu::-e heat capaciti.es (!)!j.-296.3 )() arc thoSe r'eported by King (g>. Heat capacities ill the temper;J.ture range l> 
300-1000 K aN calcula'ted from th~ high temperature enthalpy dat:a of King and Christensen ell>; a constrained curve fitting :-

technique was llsed to join smoothly these data with the low tcmperatllr!! data 31: 298 K. 

Roth q_~) ,observed il lI'.dximum ~n the magnetic susceptibility of Co 3 0" at 40 K, while 

anomalies dppedr in eit:her set of dat"'. 

studies by K~ndig et d. (li) 

.i.i'ldicat~d <l Neel temperature of 33.0 ! 1.0 K. Wit:h the ,1s,s\:lrnp'tion t:llat Co30l; is a no!'tl1a1 2-3 spinel (1&,), this transition Cd.n be 

associat:ed wi.th the alltiferromagnet:ic ordt!!'ing of 'trlc Co" 2 ion spin moment's. Therefore, the ~ntropy is based on 5 5l = 1.36 .. 

2.75 = 4.11 eu, where 1.35 is a lattice contribu'tion und 2.75 is the :'!\;)gnetic en1:r·opy. In assigning the magnetic entropy, it is 

assumed that ,"-11 of the contl"ibution r-emains to be extracted below the minimum temper-at'.l!"e (5 ... K) of 'the ,".eat capacity measurements. 

Tempera ture of Decompos i 1: ion 

Td is the 'temperat:uY'e at which the Gibbs energy change for the pr'ocess C0
3

04 (c) - 3CoO(c) + 0.5 02(g) approaches zero. 

Re f~rences 

1. W. G. Sugden and J. N. Prat:t:, Inst. Mining Me't., Tr<1rts., Sect. C.,~, 221 (1910). 

2. JA1'lAF Thermochemical Tables; CoO(c) dated 12-31-70; Cu 2 0(c) d.ned 6-30-66. 

J. H. W. loote and L K. Smith, J. Amer. Che:n. Soc" lQ, 1344 (908). 

4. M. Wa"tdndDe, Bull. Inst. Phys. Chern. Research (Tokyo), U, 255 (1933), C.A. 27:1617. 

G. I. Chufarov, H. G. Zhuravleva., and E. P. Tatievskayu, Dok!. Nead. NdUk SSSH, 2l. 1209 (l950). 

6. V. r. Balak-ire'J and G. 1. Cllufarov, DoH. tv.:.ad. Nau}: SSSR, l2.!!, 112 (1961). 

1. B. D. Roiter and A. E. Pd.ladino, J. A.'TIcr. Chem. Soc,,::2.. 128 (1962). 

e. 7. R. !ngr.lh<lm, CdJl. Met. Quat·t .• 1, 221 Cl96!J) , 

9, ii, l-\, O'Bryan, Jr., and G. Fal"::tdvos'nc 'in "Re.activity of Solids," G, '" Sch.1>lat>, [a., ElseviocI' P'.lblishing Co" ATilstt!rdaw., 1S55, 

10. J. S. Warner, Ph,D. Thesis, Columbia University, 1964. 

11. r. G. King, J. Ami<r, Chern. Soc., ~, 2399 (ISS?). 

li. A. R. Ri<ti, P. L. T. Brian, and !.. r.. Hoagland, Ind. Lng. Chern., Process Design Develop., .5.,171 (1966), 

13. [, G. King, a.nd A. U. Christensen, Jl'., J. Amer. Chern. Soc.,~, 1800 (1958). 

14, W. Roth, J. Phys. Chern. Solids, .~_, 1 (1964). 

15. \0,'. M. Kobelt:, H. Appel, G. Const:abaris, and R. H. Lindquist, J. Phys. Cht'm. Solids, ].g, 819 (1969), 

18. P. cossee, J. Inorg. Nucl. Chern" ,!!, 483 (l958). 

CIJ
3

0
4 



Cesium Unipositive [on CCs+) 

GFW ~ 132.90445 

~----kcallmol 

T. "K Cp" S' -(GQ-Wnll{f Ir'-HO_ .HI" 

0 

100 
200 

'" 'I.\lhl'l lIo.56=> 110.56',) .0(10 IOQ.Sge 

JOO <I. ~f-e "0. ~90 4(l.~6'J .009 10<,).600 
000 'I.9,c,j:l 42. 0 25 ,!(l.fOu ,'}O6 10Q. )32 
>00 '1,960 41. \33 1I1,12t1 1.003 ! O~ .'57' 

60U ... 9~1.:l '" ,039 41,,)40 !.'Ju0 ,09,879 
700 '1,91\/'1 ij/,i .!:!O~ 41,Q':d 1.996 110.081 
,00 ",91'>0 il5.';'61:l 42.352 ?o.Y3 ! iO. 3j~ 
900 ... 'jIM:! lib.OS4 47..7)1 2.990 110.')<,11,1 

1000 <1,960 uo.5" 43,09\.1 ).487 9L1.7td 

!lvD ".9f,/,> .!Jf.a5o 113,lIZ9 3. g BI'! 9">.201 
1200 ",960 H.IlS3 tl3.711(J I.!. ,,~O 9",.756 
IJUO .. ,',I"'/:) q7.860 1111,0<;2 10.971 "6.2':13 
14uIJ ",1,1/'0 £J8.21i9 11<1.33'" 5.tl7Q 9..,.7il'1l 
:'.>00 '1,960 46.591 114.611 5. 9 11 97.2£16 

<1.9»0 48.912 .(I/j.R70 1\.1107 91 • 7 "~() 
",9"'(' 1.19.213 4'5.110 6.9t:1I1 9il.233 
",9"'0 49.'197 11'5. 3'5 ~ 7.461 98.72'5. 

1900 4,9t.b <.19.766 a').~ 77 7,95'1 99. 21 ~ 
201.10 4,961'l 50.1J2U 4'5.7<,13 B.4'),) 99, rOI 

2100 <1,0;"'0 '50.263 <.I~ .000 8 ,Q~I 100,1t11) 
nou ",91,0 ':>0. 49~ 46.19<,) 9,<.141'1 100.6')') 
;:3\!0 !.I,9t.b ')0.715 <.I6.39} 9,'ol4') 101.IZQ 
211UlI ",.96l:! 50.926 o!i6.!)75 Hl.41.l.? ,0 1 .o;~\1 
?~OO ",9(';tJ 51.121,1 c6, 7~" 10,939 \0'.I'>J4 

2600 ".91'>15 ')1.324 46.926 1!.f.l35 102.f.lll 
2700 ... 9615 ':1}.51 1 lIT .()92 1\.9j? 102.8'1 7 

2dUU ",9"'0 'jl. 69 2 47,253 12. 4 29 103. 3C~ 
2900 1.1.960 5) .660 47,IH)9 1?,."?6 103.703 
3U00 ",90b 52.03~ ",7,"J61 13.4(3 lfl4.07" 

3100 '10.961;) '52.191) 4',700 1).'l19 10,l.432 
1.1,9"'0 '52. ]"5~ 47,650 \4. 4 16 10a.7td 
",961;'0 '12. ~Ol:l 4f,9f19 1 ... 913 10.,.Oe" 
.. ,961:1 52.657 4g.12'! 1').(.110 10').347 

3':>00 ... 960 52.601 IHI.2'S6 1'5.9(;7 10'5.'593 

3"Qil .. ,9"b 52.9 111 48.31'14 11',,403 I 0') .~02 
370U ... 9o'.ti 53.0" HI.509 16.900 10'),976 
3t10V ",96t1 '»).20'>1 1H1,631 i.T,3'>17 10"'.109 
30;00 4.960 '>3.331'1 1l1S."I''SU \7.1194 106.1'11' 
4000 ",YIlb '53,464 !.ItI.b6o 16.3\10 1°"',23:' 

!- 4100 1o.9"'Cl 53.':167 48,960 \11. ~67 t06."2 4 

." 
4200 ... 961'> '53. 7OC 49,091 19.3/34 \0"',15>1 
Q30n ", 9~c 5),623 49.:?OI) \9. ~~ I 10",.035 :r QIIOO 11,961:1 '53,9)7 119.300 20.He 1(.l').f!~J -;: 'Io~00 1.I.91lCl '" ~ .0119 49.410 20.1174 10'5,607 

n Q6D!) ". 9~b 54.\')t; tl9.S12 :",.371 I05030U 
:r lIreo ... 960 ')4,265 49.bl? 21,1'1"8 104.929 .. Ilc(l() ",9'>0 5'1. FO 49. i"IO 22.365 j04.4"'''-

?I ~YO() ",9..,to '5/1.,472 .aY.eoo 22.lJb? 10).9-}5 
')000 ",9';/:1 ')4.573 49,901 21.3~S 103.1132 

'" 5100 "."'61:1 'S4,6 7 1 1J9,993 

~ ";.000 4,960 54,76' ~o,oe" 
')]O() 4,9,o,b 54.t!62 '50,1 110 

C ')"'00 ",9"'0 54.95':1 '50.26t 
Q "')00 ... 9<'00 55.046 <;O.JIIl 

~ "eOO ",9"'/:1 55.130 50,11)2 

< ""ue .. ,<;lot'! 55.22J ';;0.515 

~ 
')bUO ",90b 55.JIlI ';;0,597 
5900 ",91'1t'1 5~ .395 SO,6i"tl 
6000 /,j.9I',b ,;;~,47e 50,757 

.!-' 
z June 
? 
.!" 

-0 
"l 
.j>, 

AGr LooKp 

t02,OFl? ''1,1120 

102,0)5 74,33) 
99.64? . 
<}7,192 

9'1."9? 34 ... \11 
<,12. I ~ 1'\ - 2r.. no 
tl9.51'19 - ?~. 1069 
tl6.9';;FI - 21.116 
1'1"'>.140 - 1h,607 

tl4 01 ~II - 11>.'20 
h). In I ~.I 39 
tl2.01l9 13,"94 
h;').9)7 It'.O)5 
79.791 ! 1.026 

- 10.lVI 
'1 ..... ')1,1 

7".1"0. 9,247 
74.1;94 b.o I ~ 
r 3.61);> !:l.U'l] 

72.<?!:I1! 7.'::o?3 
70.944 7.1..141'1 
o9.~84 6."'1? 
68.10) 0.211 
6(>,1:101' 5.040 

O').)/\(I "" .. 96 
0).949 ~, 176 
62, .. 99 4,1:171:1 
el,03t> '1,eoo 
..,9,5')8 '1,BIl 

".>11.067 ".()94 
56.561'> -
5~ .0'5S -
53.53" 
52.009 

';:.0.<11.(1 - 3,u6 .. 
4K.93'S 2.090 
H.39? 2,'2& 
'1'S.8 .. t. 2.'::06<'.1 
44,297 - 2.4;?0 

112.748 ?'17'l 
41.201 2.144 
39.6')'S 2.U}6 
31:10115 1,1:19] 
36.';:.H, 1.776 

].005 
1."'')'.1 
1."'57 
1 •. ~ 6 \ 
1.268 

CESIUM UNIPOSITIVr: ION (Cs+) (IDEAL GAS) GfW :: 132.901045 
Cs+ 

Ground Std'te Canf 19uration t.l1f; lOe.~ 0.5 kca1/mol 

S298.15 1[0.565 0.0005 gibb,/mol ':'H£298.15 109.6 0.5 kcallmcl 

Hedt of F<?_::::'l!l_::!!A9.!! 
The ionizdt:ion po'tential of Ca(g) WdS repor'ted as 3.894 eV or 89.79$ kcal/mol by Moore (1). Based on this data we

derived ,\Hf2ge.15::: 109.6! 0.5 kCill/rnol fer Cs+-{g). 

Hea t Capacity ilnd tn't.ropy 

!."l.€: ground state configuration, electr-onic levels and qUarl.t:um weights were repor'ted by Moore (l). Ho .... ever. the 

lowest electl"oni; level above grol.L"Id statE:! is given as 107392.33 cm- 1 .... hich is so high that the evaluated thermodynamic 

properties of Cs (g) will not" be ilffected if we disreg<l.rd <111 of these higher levels for calcula"tion. Therefo're we do 

not use theo, The E--H
298 

value at OOK is -1.481 kca1/I:lol. 

References 

1. C. E. Moore, Jo;SRDS-NBS 34, 1970. 

2. C. L Moore, U. S. Ni!!.tl. Bur. Std. Cir-c. 467, 1958. 
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Cesium Hydroxide (CsOH) 

(Crystal) GFW - 149.912 

T,"K 

° 100 
200 

'" 
300 
,00 

'" 
,00 
700 .0. 
••• tOOO 

~---g6bbs/mol---_ Ji:cal/mol----
Cp" Ii" -(G"-H".,)(T H"-W_ I1HI" o.Gf' Lot Kp 

16.:no "3.600 tl3,bOO .000 ... 99.600 88.611 64.953 

16.?50 23.700 2).600 .0)0 QQ~'S97 e~.S43 64,503 
lr.r.qO~'5S9 24.:?~r 1,7]3" 99.IIl'56 15 •• 7"., 46,:1'92 
19.700 36,./1.7 7'5.1'27 0;.310 .. 9r.68~ ----.. St.ll"" ------l~·J"""! 

2U.OO() aO,I02 27 .~28 7.)64 91".161 rr .80J 2&,340 
20,000 113.11'I~ :?9.tlO7 '9,]64 . 91'\,641 74.618 23.297 
20,000 '43.tI!)5 lI,650 11.364 - 96.133 11.'501'1 19.535 
2l1,DOO lit' • .,11 33.362 13.]iI,4 9'i.635 66,45Q 16.624 
2V.OOO '50.318 34.95" 1~. 364 .. ! 1 t .22('1 64.64'5 t4.128 
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CESIUM HYDROXIDE (CsOH) (CRYSTAL) GF"" , 149,912 CsHO 

BH fO '; Unknown 

S;9B.15:: {23.S l.O} gibbs/mol Mlf2S8.1S -99,6 t 0.'2 kcal/mol 

T'tl !:. 410 K (a-p) llHti :; 0.31 !: 0.03 kca.1hnol 

Tt2 q9J K (p-y) uHt; 1.45 t 0.15 kcal/mol 

1m = 588 K LlHm o 1.09 1: 0.10 kcd/mol 

llHS298.lS{to mer.orner) 37.6 3.0 ked/mol 

lIHs298.lS('tO dimer) 310.8 10.0 kcal/mol 

Heat: of formation 

The heat of forma'tion of CsOH(c) is obtained from the heat of hydrolysis of metallic cesium, the heat of solution of the 

hydroxide. 'in \.late::;, and appropl'ia'te au'Xiliary data. 

Beketov (],) I1nd de FOr'crand (~) det"er:ni:;ed the heat of solution of crystalline CsOH in water. Parker (~) recently analyzed 

these data and select:ed. lIH;oln.'CsOH, c} = -17.1 t 0.2 kcal/mol. This value is adopted here. 

Disc:orda.."'It values for the h(!Cl't of hydrolysis of met:allic: cesi.u!:l. h<!.ve been reported by Vorob'yev et al. (~) Afld Gunn <.§). 
Diita for the react:ion Cs(c) + (n'-'1) H

2
0(t) :; CsOH'n H

2
0 + 0.5 H

2
(g) AI'e summarized below. 

llHf· (esOH''''' H
2
0)" 

Investigator moles of H
2
Q llHh g kcal/mol'"' kcal/mol 

Vor-oblyev et al. (~) 1030 -46.50 !: 0.20 -1l'l.82 :I: 0.20 

Gu.").n (.§.) 3000 -'+8.346 1" 0.020 -115.561 0.020 

"'Dilution data estimated by cor.;parison with similar data foT' 'the o'ther alkali metal: hydroxides tabulated by Parker (1). 

HBased on o.Hfi9S{H20, t) :: -68.315 kcal/mol (§). 

In both investigations the possibility of hydroxide d.."ld oxide. contamination of the reetal samples was reduced by repeated 

distilla'tion of the metal under Vacul.ll:'l, and spect!'oscopic analysis of each sample indica.ted low concentrations of the lighter 

alkali metals. Vorob'yev et <3.1. (~) determined "the 1!I.IWU.'"'l.t of reaction by both weighing the metal sample and 'titrttting the final 

hydroxide solution; both l:'lethOds gave practica.lly the same results. Gunn C.~) determined the a.mou..nt of re~ction by both weighing 

the sample and recovering the hydrogen formed in the hydrolysis. The systematically high hydrogen yields (0.05_0.16\) obtained 

by Gunn (.§) suggest the presence of lighter alkali metals in higher concentrations than indica.ted by the spectroscopic analysis 

of the cesium, and the flame-photon:etric all.51yses of the final hydroxide solutions. However, the presence of lighter alkali 

met:a.ls at: these concentrations should not introduce any serious error in the he,),t of hydrolysis, since their heats (2.) are quite 

simila.r to cesium. 

The major difference between the two me<;lsure!'lents lies in the instru.'!I.cntation used to investigate the reaction, Vorob'yev 

et al. (~) used a hermetically sealed static calorimet:er which was not st:irred, In ~he absence of proper agitation, temperature 

gradients and chemical inhomogeneities are likely to arise in the final st:dte, Without any indication of the performatl.ce of this 

cdlorime'ter, the results of Vcrob'yev ct al. (!::) are ques'tionAble. Or: the other hand, Gunn c,§) curried out the hydrolysis 

I"e..'!ctlon in a closed bomb calorimeter, agitation being effected by rocking the assembly through an angle of <lpproximdte.ly 150
0

• 

This calorimeter has been used to investiga'te a variety of reactions (2) 1 including "he hydrolysis of the lighter alkali metals 

(~) ~). Where comparisons are possible, all indicaticns are that the results 4re quite reliable. The I"e fore , we adopt: 

<.IHf
29S

'CsOH.<R> H
2
0) = -116.661 :t 0.020 keal/mol f'l"O:'Il the work of Gunl'l (.§.). Combining this result with the heat of solution of 

CsOH(c) given above, we derive ,j,Hfi9S(CSOH. c) = -99.6 :t 0.2 kcal/mol. 

Heat Capacity and Entropy 

Heat capacities for CsotHe) over the entire temperature range 298 -1000 K are est:imated by eomp41'ison with si::tila.r data for 

the other alkali meta.l hydroxides and halides <.§.>. Likewise, S;98.15 is estilM.ted 'to be 23.6 e.u. for CsOH(c} by comparison with 

similar ddtA for the alkali met."l halides and lighter hydroxides (,2.). 

Transition and Me1'tins Data 

The 'temperatures and heats of the polymorphic 'transitions ..'!nd melting of CsOH{c) are from the work of ReshetniJ.:ov ar:.d 

Ba.raIlskaya C1,Q). 'these data were de'terr:t.ined thel'oographicdly with uHm " l. 57:' kcal/mol for HaOHe c) as a standard. 

Heat of Sublimatio;l 

<.IHs 298 for the monomer and dimer are calculated from the adopi:ed heats of formatior'. of the cryst41 and the respective gaseous 

species. 

References 
~ketov, Bull. Aca.d.. Imp. Sci. (St. Pet:ersbourg). 31j, 171 (lB92l. 

2. R. de 'iorcrand, Compt. Rend., 142, 1252 (l906). -
3. V. B. Parker, U. S. Natl. Bur'. Std. NSRDS-NBS 2, 1965. CsHO 
4. A. f. Voroh'yev l N. A. Ibragin, ar.d S. H. Skuratov, Vestn. Mosk. Univ., Ser. II j Khim •• 1£. J (1965). 
5. S. R. Gum:, J. Phys. Chern., 11.1386 (1967). 
6. U. S. Nat1. Bur. S1:d. Tech. Note 270-3, 19£8. 
7. S. R. Gunn, J. Phys. Chen., .§i, 2902 (1965). 
B. S. R. Gunn and L. G. Green, J. A:rier. Chern.. Soc".§Q. 1.1782 (1958). 
9, JANAF Thermochemical Tables, The Dow Chemical Co" Midland, Michigan. 
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Cesium Hydroxide (CsOH) 

(Liquid) GFW • 149.912 

------- ...... _,---- ._,-----
T, "II: Cp" so -(GO-H"DI)!T HO-If'_ AHt" ~Gro l»g Kp 

0 
tOO 
,00 

". l'i.';OO ?8.309 '''.l09 ,(01) 91".0]7 &1.1i~'2 6£.10" 

30' 1 iI.50~ ?8 , 4.'-\0 2~. 31 0 .0]6 97.028 8'1',393 6].66'.5 
'00 l'L'50(l H.OIlO '9.075 1 • ~H~6 1)7.042 84.091 45.91i15 

'". 19.500 18.3 0 1 :'0,'519 3.9]6 96.'!I56 80.910 35.366 
• -- - ~-- ----.- ------------------ --------------------------------- .--- __ a - _____ • _____ • 

'00 19 ,500 41.91i6 3'.tl6 ~.1\8i> 96.016 nilS,s 28,3A8 
700 19,0;00 4lI.9'5;l' H.158 7,11136 9"1,(006 - 11i1.e20 23.360 
'00 t9.'!If)O 47,'5'56 3'50.32- 9.766 Q"l.t4e - 11.&1'!1I tll.6Je 
900 19.5no 1119,8'53 36.8D 11.7)6 94,100 69.002 16.756 

1000 19.i!lr'lO 51,908 38.2'21 13 .... "6 1 tf'l.343 - 65.350 1".282 

1100 19,500 53,11'16 )9.')'51 15.63j1, lO9.67:.? eO,es? 12.096 

i ~~g- -, -{-~-:-~-6~--- --~1 !Mi-- ---:-~-:~~-~ . ----H~~1{----:--~-~~-~j~ ~ ---;: .. -~~-:-g~----- _l~! Ht 
I-aOO 19.'500 5l'l, 4~9 11].112 21.466 t07.'I',1I .".82_ 7,11166 
1500 19.'500 59.EIl Q. lit. tQO 23.4)6 101' .060 1113.567 6,346 

toOO 19.'500 61.013 IOS.206 25.3156 .. 106.456 30 .3'55 5.376 
t 700 19.'5"0 62.20;5 46.1 rs 21.JlA to'i.etl 3'5.t 79 •• 523 
1eOO 19.'500 63.369 41,099 29.'66 10').(')6 - 31.040 3.769 
1900 19.'500 f',A.42t1 41.91!14 1I .'31'1 tOA.lI40 - 26.9].1 3.098 
"o00 19.5-00 "''5.474 116.831 )30166 t04.0'56 - C2.860 2,496 

June 30, 1971 

CESIUM HYDROXIDE (CsOH) (LIQUID) GF"' ""49.912 CsHO 

Si9S.H (28.31) gibbs/nol !lHf29B.15::: -97.037 ked/mol 

Tm -= 588 K lIHm ::: 1.09 !: 0.10 kCd.l/mol 

Th(ta JronoJ::e'I') 1263 K lIHv(to tr.onorr.el') 2B.6 kcal/mol 

Heat of FOI"'lndtion 

The heat of fOI'm.!!.'tion of liquid CsOH at 298.15 K is obtained from that of 'the crystal by adding llHm and the difference 

between HTm-H 296 for the crystal a."1.d liquid. 

Hea.t Capacitv and Entropy 

Cp for liquid CsOH is estimated 'to be 19.5 gibbsllml by comparison with si:ni1ar data for the other liquid alkali metal 

hydroxides (J). It is assumed COtll;>t.ent: in the 'temperature r4nge 296-2000 K. 

S;98 is obtai.ned in a ma.n.ner analogous to tn<'lt of the heat: of form",'tion. . 

Melting Data 

Sec CsOH( c) 't:.!I.ble for details. 

Vdparization Data. 

Tb is calculated dS the temperature at which l!.Gr~ for the vaporiza.t:ion process is zero. The difference in the heats 

of formation of CsOH(t} d.n.d CsOH(g) at the boiling point is the heat of vaporization. 

Reference 

1. JANAF Thermochemical Tables, The Dow Ch~mica~ Co., Midland, Michigan, 
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Cesium Hydroxide (CsOH) 

(Ideal Gas) GFW - 149.912 

____ gibbs/mol____ kalll/mol----_ 

T,"K 

o 
1 00 
,o0 
". 
'00 
'00 
>00 

600 
700 
.00 
'00 

1000 

CpO S" -(GO-If'UII){I W-HODS I1Hf" 

.000 
IJ. ?<;I~ 

10.699 
11.8~. 

11.895 
12.31'5 
12.'5"" 

12 .6~!s 
12. Tn 
12.BA(> 
12,9',)9 
13,116 

.O{)O 
4Q.6?T 
t,6.)nl 
60.81\6 

60.9.110 
6t1,4lT 
67.21'l0 

fl9,AQ7 
rl.4"'~ 
73.111 
1'4.695 
76.01 ! 

TNF"fNIH 
'1'0.662 
/'It .926 
"'O.ft66 

e'>0.866 
1'11.3)9 
1'>2.,.3 

(.).266 
"'1:1,300 
I'\~, 304 

I'\f" '~4 
67,171 

'.A2~ 
.. 2~ 1011 
- 1.126 

,000 

.02i? 
t .:?3'!t 
2.4'1'~ 

J,136 
.... Clll 
1'0.'94 
r.!I,f\F; 
R.894 

'" 1'\0.9]'5 
.. 61.450 

1')1.162 
6:?OOO 

62.00~ 
... 62.756 

62.';171 

"3. U~7 
"').394 
!'.3.603 
1'0).1'111 
1'11).099 

AGf" 

'" 60.93'5 
.. III ,ella 
.. 62.0)7 
.. 620122 

62.1 23 
.. 6t ,960 

6t.13' 

61.46'<' 
.. !!It .163 
.. 60.6)1 
.. 60.411 
.. '5".2611 

1100 13.2311 77.3,6 .... S.OU 10.211 w eO.060 .. 57.181' 

...... Kp 

INF'I"Pf 
135,055 
67.791 
115.5]7 

115.2!>6 
H.IPH 
26.984 

n.J89 
19.096 
16,618 
t iI ~6e II 
12.9!>3 

11.362 
1:<,00 13.3"'0 r.6.liA3 .... 11.1\61', 11 .... 00 .. AI).019 .. S~.t09 
f j" 60-· -- n-,-l6·,,-f -- - -H;!i Ii 6 . - - - f,~-:' -6-416- - - - - - f 2; ~ 1'11-· -7.- - y~ ,-ff 6 - - -.;; - - 3 '3 ~ O-)y- ___ t~:~~~ 
1400 13,'SM AO.S';1' '1'0,]91 14,?32" 79.931 .. 30,96S 
1500 13,667 A1 ... 97 '1'10101 1'5.'S94'" 79,!155 .. 4'1.1'196 

1600 
poo 
1600 
1900 
2000 

:",00 
2200 
;::'300 
?IIOO 
?';OO 

2600 
noo 
i'1I00 
?900 
)000 

3100 
)200 
).)00 
3400 
3'500 

HOC 
)TOO 
3~OO 

]900 
4000 

4100 
4200 
4300 
lUQe 

4500 

4600 
4100 
4[1l00 

"900 
!l000 

"'tOO 
"'200 
'5)00 
S.OO 
5'500 

S600 
'!IrOQ 
SAOO 
5900 
60{)0 

D,7Cj9 
13.8u 
13,921 
13,992 
1 4 .O"iT 

1",tH 
1'.11'9 
l' ,2Hl 
I' ,263 
1 4 ,3 0 4 

1",3 4 1 
111.376 
i4.lH)7 
14.41e 
i4,462 

1 " ." ,~IT 
14.'S09 
111.'5)0 
1.4.'><;(.1 
14. <;,,~ 

14.6'10' 
l4,6113 
1 4 ,(1) 

14.61\3 
14.602 

t4,71'l1 
14.709 
111.71 b 
1".D3 
14,7]0 

14,717 
tll.743 
111.746 
14.7'i" 
lli.7'!i9 

1_.764 
1',7(19 
\4.7n 
l",71"; 
1i1.7111 

151.31'12 
&3.21 9 
1'1".012 
6".7(>7 
1'15.""'e 

86.1 7 ) 
86.831 
157.41'12 
-!'I~ .0(.8 
86.6')1 

A9,21J 
1'I9.7')5 
90.218 
90.71'15 
91.21"4 

91.749 
92.209 
92,bC,t;. 
93.090 
93.512 

93. 9 23 
04.)?) 
94.712 
95.09" 
95.462 

95.8::'c 
96.177 
96,522 
96.R..,O 
97.190 

'H,SL, 
97.8?9 
08.139 
96./Io1l2 
OB,740 

111),0)2 
9Q, ]18 
99.S99 
91),875 

100.145 

100. /I II 
1/')0,673 
100.910 
101011'2 
101,431 

'1'1.776 
72.tl21 
'1'3.0419 
'1'3.6116 
74.220 

74.71J 
15. )06 
7"i.8:n 
7(0.319 
'1'(0.601 

17.267 
77. T::'O 
1".1'59 
71'1.'!i1'l6 
19.001 

79.41)13 
19.797 
I'O.l&C 
~O. 5'5) 
t'.().91 eo 

MI.;;7) 
~ \ .621 
R\ .960 
1'.",297. 
112.fl17 

~,..9]c 

~3.245 
1'1),'5'50 
1'1),1'149 
P.4.1A2 

1li14.429 

1'14.1'11 
11\4.91\7 
1'.';.2,;9 
jl,5.5''5 

~5. 7'H 
!l,1S.04'!! 
~1I.2ge 

~6.S4r 
e6.r92 

~7 .032 
~7. 269 
"7.50] 
IH.732 
~7. 9'59 

16.966 
lRoll:l6 
1"'.1'34 
21.1 30 
:n.'S]? 

"3. 9 41 
25.3~5 
:?~ .1r~ 
;?~,199 

29.llj?1 

H.0'59 
3",495 
lJ,9)1I 
35.176 
36 • .521 

l~.:<'6Q 
J9.119 
'1.171 
42 .~2'5 
44.01'11 

.Ii'';.'5105 
1:16.997 
1116.Alse 
09.9,(1 
51.)8. 

52. AIIIS 
'51.1.31" 
5'5,761 
'51,:-.9 
'5e.7I1 

60.187 
61.6'57 
63.12Q 
64. 60 ~ 
6~.073 

61,')47 
69.0;n 
'1'11,19'"; 
'1'1.970 
'1').446 

1111.9?2 
16.399 
71,jI,16 
19.)'!t] 
60.831 
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7 9 .8110 
79.194 
79,151 
19.710 
19 ~ 67 1 

79.l"t42 
79,61 8 
79,601 
79.596 
79,603 

.. 19.622 

.. 19.656 

.. 1Q.103 
7Q.778 
19,870 

1'9.9-!j1l 

80.12'5 
.. 110.'29) 

efl.1I92 
... 0.726 

ae ~997 
1'11.308 
At .6&2 
1'12.064 
6:;>.5t6 

flJ3.022 
8).586 
fIJ" .208 
,'1.11.692 
8'5.641 

IH'.4S') 
.. ~ 7. J35 

511.261 
.. 6't.?'iIl 

90.369 

91,~06 

.. 9', T06 
9).959 
9~. 26i1 
96~615 

.. 9j1,.006 
... 99.436 
.. ,00.695 

102.378 
... 10].677 

.. 4f).8n 
11 ... 771 

.. 42,7t? 
40.65~ 

.. 3'1,60t 

.. 36,5U 
)11,497 

.. ]".1I4f1 

.. 30,39'!i 
28.348 

;(6,295 
.. 24.2411 

22.192 
.. 2001311 
.. lfiJ,077 

16.01S 
... 13,950 

u.&ao 
9.804 
r.721 

5,631' 
3,!JD 
1,425 
.690 

:1'.817 .. 

4,9'51 .. 
7,109 
9.276 .. 

11.4'S7 
13,6'5. 

1').67) 
11'1.107 ... 
20,360 
'22.63' 
24,9:?6 '" 

27.246 
29,'HIi2' 
It .<;150 
H.333 
36.1'41' 

39.1153 
41.646 '" 
"4.t 36 
46.6&6 
49,I!7 

1,9')6 
1,124 

6,391 
5.756 
5.186 
4,676 
4,21 8 

3,804 
3,1121 
3.063 
2,76! 
2.,llT3 

2,210 
1. 9 62 
1.132 
!.'.!o17 
1,311 

1.1<,9 
• 9'S] 
,7tH 
.630 
.4e2 

,H2 
,:2'09 
,01'12 
.039 
.154 

,264 
,)70 
.471 
.')69 
,66) 

.154 

.842 

.921 
1.OOq 
1,01'19 

1,1615 
1.211] 
1.1IT 
I, )90 
1.UO 

1.5'9 
1.'591 
1,663 
1.126 
1.792 

CES!1..!M HYDROXIDE {eso\-{) (IDEAL GAS) ON ~ 149.912 CsHO 

Point Group C""'V tJ-lfo = -60.9 j: 3.0 kcal/mol 

$298.15'; 50.87 t. 0.10 gibbs/r:ol llHfi98.lS -62.0! 3.0 kCd.l/l:lOl 

Ground State Qu.:tll'tum Weight = 1 

335.6 (1) 

306 {2} 

[3610J (l) 

Bond Dist:ance: Cs-O 2.391! 0.002 A O-H,::: (0.96! O.OlJ A 

Bond Angle: Cs-O-H 180" a :: 1 

Rot"ational Canst-ant: BO'; 0.181.l79 em- l 

Hedt of formdt:ion 

Jensen and Padle"j (1) determined a.\j equilibrium canst.ail:'!; for the rcac'tion Cs (g) " 

absorption spectroscopy in ., hydrogi:ln-oxygen-nitrogen flame. These workers pointed out 

:: CsOiHg) +- H{g) at 211-"i5 X by atomic 

interference from ionization of the 

metal had introduced some uncert"ainity in their equilibrium datul'l. Using all J.A..""lAF functions (1), third law analysis of the 

equilibr·ium cons't<1.Jit gives L\.Hr 298 :: 27.4 kcal/mol. This leads to.a heat of formation, lIHf
29B

{CsOH, g) = -64.2 !: 3.0 kcal/r:ol, and 

a corresponding bond dissociation energy, DOCCsOH) :: 91 kcallrnel. Cotton and Jenkins (j!) investigated the same equilib:::'ium in a 

fuel-rich hydrogen-oxygcn-nitr-ogen flame and elimindted the ionization problem ':Jy working at d lower tempcratul"'e (1570 K). Third 

law analysis of their equilibrium datum gives uH!'298 :: 28.9 kcal/mol which results in t.Hfi9S(CsOH, g) '" -52.7 !: 2..0 kcal/mol 

corroresponding to DO{CsOH) '" 89.6 }(:cal/mol. Smith and Sugden (!±) had earlier reported a DO{CsOE) :: 91 !: 1 kcal/mol from flame 

studies. Elec'tron impact studit:!s (.§., §.l hdve also led to v",lues fat' the bond dissoc:i.,tion P.flP.I'gy of CsOH{g). This method resulted 

in values of B2 !: :3 (2) and 86 ! 3 kcallmol (§.>. 

Cotton and Jenkins (]) dlso reported bond dissociation energies for LiOH(g) , KOH{g). 8...-,6 NaOl-Hg) which d.r'e in good agreement: 

wi1:h JANAf heat of forma'tion data (2) for these hydr-oxides. Furthermore, the position of the hydroxides in the order of increasing 

bond dissocidtion energy established fr-om their data, i.e. NaOH < KOB < RbOH < CsOH < LiOH, is that: predicted by comparison with 

similar da'til on the stabilities of the alkali metal halides <.~). However, trends within the bond dissociation energies for the 

halides suggest thil't the value DO :: £19.6 kCdl/mol for CsOH may be slightly high. The difference in DO for t:he potassium and sodium 

compounds is from 0.1 kcal/mol for the fluor-ides 'to 0.4 kcal/mol for th.e ehler-idee. more t!'.an the difference in DO for 'the cesium 

a.'"ld potassium compounds, Assuming this sa.me trend in DO is prevalent: in 'the hydroxides <is well, then DOCCsOH)-Do{KOE) must be 

less tha.n 3.9 kcal/n:ol (see NaOE(g) table). we adopt DO{Csotj:) " 89.0 1: 3.0 kcal/mol which r-esults in the difference 

DO'CsOH)-DO(KOH) :: 3.6 kCdllmol (1). This a.dopted bond dissociation energy corresponds to ll.Hf;9S(CsOH, g) :0 -62.0! 3.0 kcal/mo~ . 

Heat Capacity and Entropy 

The. microwave spec'tr4 of gaseous CsOH tlave be..:!n studied in a high temper,J'ture !>pect:romcteI' by Kuczkowsl<::i et a1. (~) and Lide 

ct .11. (1.9.). The spectroscopic ddt a were more consistent: with pa'rtern:s expected from 11. linear molecule, although a "quasi linear" 

structure could not be completely climinat:ed. Acquista et a1. (],1) observed the infrared spectra of CsOH and CsOD in it argon 

matrix at liquid hydrogen temperatures. The isotope shift of the bending mode, \12.' was quite large (BO cm- l ). and ~he ratio of \1
2 

for esOH and CBOn was in excellent agI'ecment with 'Ch'" value c<"l.lculated for d. linear lMlecule and a harmonic oscillator. The 

infrared results when used in com!:Jination with the microwa .... e da:ta indicate a linear equilibrium configuration fer CsOH. We adopt 

this configu:::'d.tion along with the bond dis'tances and angles det:ermined by tide et 0.'1.1. (,!Q) fr-om their microwave data. 

The Cs-O stretching mode, \II' and the bending frequency, \12' are from the matrix isolation studies of Acquista at 011. (11). 
The OH stretching v 3 ' is an est:imate from the recent work of Jensen (.t.t). The pr'incipal momen't of inertid is 

15.147 x 10- 39 g 
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Cesium Hydroxide Unipositive Ion (CsOH+) 

( I dea I Gas) GFW . 149.9118 

----gibbs/mol---_ keal/moi---
T.~ CpD so -(G"-H"n,)(f HO-HQ%R aMF "'G(' 

0 
,00 

'.0 , .. 12.06$ 64.190 6401 90. .000 10&.000 tOl.aoO 

,o0 12.077 8.411.285 6401 90 ,022 1.06.0.04 103.3&3 
000 12.'26 &7.791. 64.669 t ,250 105.76G 102.US ,00 12,603 10.587 65.S!!!] 2,502 I06.0,!!O 101.81 9 

.00 12. Tle 72.896 66.61'5 3.766 IOtl.H] 100,9.1 
roo 12.817 7fI.66. 61.656 5.0"5, t06.636 100.02· 
•• 0 12,916 l'6.!HJ2 68.667 6.]32 10.6.926 99.058 
.00 13.025 78.110 69.633 T .629 to.7.220 98,058 

1000 13.13B .,9,Ue '1"0.5'50 8.9]7 91.10]2 91,8A5 

1100 13.2'1 60.H5 11.Ul 10,2'5 1 91.910 98.Ul 
1200 13,]67 81.90) '1'2.247 It.5ee 92.509 99.027 
1300 il.117 82.97e 73.0:U 12.9]0 9).051 99.5118 
1400 13.562 83.9150 7],1'1"8 14.283 93.~94 100.02 7 
1500 1).680 84.921 74.1190 t5.6U 911.13& 100.069 

1600 13.770 as. SO'/' 75,.170 17 .019 911.680 100.871 
1700 13.8~4 86.&411 75,820 18,400 95.224 101.2112 
1800 13.931 87,II3I!I 76 •••• t9,7a9 95.765 \01.580 
I POi) 14,001 n,UJ 77.043 21.1.86- 9&.304 J{)J.S90 
2000 14.065 Se.Ul 17.618 22.S159 96.S39 102.169 

2100 14.123 89,601 75.1 7 3 23.999 97.)67 102.'22 
2200 1 Q 0176 90.2~9 78.701 25,41" 97.8M 102,650 
2300 14.2Z5 90.89'0 79.223 26,831 98,003 102.856 
211000 14.269 91.'96 79.122 28,259 98.906 tOl.040 
2500 1".:nO 92.080 80.205 29,686 99,397 10].200 

2600 16.347 92.6'2 80.672 .!IIhUO 99.IH£I ,03,3&3 
2100 14.381 9].tBa 81.126 :H!.557 100.331' 103.Q6S 
2800 14.'12 93,707 81.566 :U,996 100.T&3 103.srS 
2900 14.440 94.214 &1 .. 993 35.n9 lOt .211 103,669 
)000 14.467 U.70a 82.a09 36.8$4 1°1.616 103.116 

HOO 1 4 ,491 95.178 8Z.8U 38,332 tOl.999 10],810 
]200 14.513 9S,6)9 83,201 39,7&3 102,355 103,862 
3300 14.534 96.086 83.590 '1.235 102.6I!I4 103.905 
HOD 14.553 96.520 83.964 .. 2.689 102.91U 103,9]7 
)500 J4.57J 96.942 U.J29 ... .1.6 103.246 103,961 

]600 16.53& 97 .3'S] 84.6&5 .5.60. 10),012 103.916 
]700 1",603 97 .r'!] 85.033 .T.063 1°3.63& 103.990 
]800 14.61& 9&.142 !l5.3'1"3 .8.52. t03.801 103.999 
]900 14.631 9!I.522 85.105 19.987 101.B9T 1°al.OOl 
0000 1/1.644 98.&93 86.0]0 51.11'50 103.9110 10a.002 

:- 8iOO 1.,656 99.25S 56.3118 52,9!!! 103.9)2 t04.00. 
4200 t£I,66)" 99.606 86.660 54,382 103,8U 104.007 ... .]00 16.618 99.9'!J 86.965 55.1U9 t03,'41 tOIl.OU 

::r 11400 141.6156 100.2i1 81.26011 57.:tt 7 103.5~4 10al.01 9 

~ 11500 U.6ge 100.621 8T .551 53.7&6 10].302 104.031 

n 
4600 111.107 100.9 .. 87 .645 60.257 102.9156 10il.054 
4700 14.716 1010 260 88.12T 61.728 102.60] \04,082 

::r 4800 14.72' lOt .510 158 •• 04 63*200 1020155 to£l.U e 

'" 4900 14.732 lOt ,15r. 88.675 6".613 101.6&1 10 •• 162 li ~OOO 14.1"0 102.1T2 S8.U2 66 fl46 101.062 10£1.21 7 

... 5100 14.748 102.&U 89.205 67.621 10a,Oln 104.290 

~ ~200 14.755 102.750 89.&62 69.096 99.721 tOil.369 
5300 14.763 10).031 89.716 )"O.S1'2 98.967 104.1170 

C 5&00 1011.770 1°3.307 89,965 12.° .. 8 98.160 104.5fl" 
g 5500 14.111 tOll ~7e 90.210 73.526 9T.l01 10il.l06 

,D 5600 14.183 103.845 90.&51 75,004 96,4t3 10.,846 
5700 14.1'90 104.106 90.688 16.U2 95.£115] 105,006 

< 5600 tlll.197 10'4.364 90.922 71,962 94,524 105.tSl 

!!- 5900 14.80) 10.ll.61r 91.152 19,442 9l.541 1:05037. 
6000 U.8tO 104.866 91.378 80.922 92,5'0 10S,5al 

!" 
z Dec. 31, 1971 
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.!-' 

-0 
~ 
.I> 

Log Kp 

· 7S.7U 

· 75.31:5 
56.017 
"*.'505 

]6.770 
31.229 
2T .061 · 23,612 

· 21.]84 

· 19 .'562 
18.035 

· 16.735 · i5.6i5 

· 14.6)5 

· 13.775 · D.OHl 

· 12.ll4 

· J!.720 
11 .l6S 

· 10.6~9 

· 1°.197 

· 9.77. 

· 9.U] 

· 9.022 

- 8.687 

· 8,lT~ 
8.0e. 
7.&13 - 7.5S8 

7.319 - ., .093 
6.881 
6,681 - 6.192 

· 6. 3t 2 

· 6.142 · 5.981 

· 5.828 

· 5.682 

· 5.504 - 5.412 - 5.286 - 5.t61 
5.052 

- •• 9.& 
'.S40 
4."'1 
.... 6.6 - 4.555 

· 4.469 - 4.)81 

· 4.l0a 
'.232 
'.16t 

- •• 092 

· •• 0211, - 3,963 

· 3.901 
1.81116 

CESIUM HYDROXIDE UNIPOS1TIVE ION (CsOE~) UDD.L GAS) GfW::: 1~9.9118 CsHO+ 

Point Group (C,ov] "fifO:: 105 10 kcallmol 

5298 .
15 

[54.2 2] gibbs/woi IlHf298.15 106 10 kC:ll/mcl 

Elec'tronic Levels and Quantum Weights 

State ~ ~ 

" 
2;;+ {32000] 

Vibrational f!'egucncies and Degeneracies 

Bond Distance: Cs-O ~ (2.I..:OJ A 

Bond Angle: Cs-O-H [lBO]~ 

"'. cm- 1 

[300 J (l) 

(275] (n 

[36001 (1) 

O-H (1.03] A 

Rotational Constant: BO:: [0.18258] cm-1 

Heat of fOr'fllil'tion 

The appearance potential of CsOH+ has been det<:l('mined by Emcl'Yiloov et al. (1) as 7.21 :: O.ll< eV dnd by Gorokhov 

e't a1. (2) ciS 7.40 ... 0.15 cV. Th~se values cor-respond 'to 
- . - :: 166.3 :t 3.0 kCdl/mol and 170.7 !: 5 kC<ll/mol, 

respectively, for the process € .. CsOH(g) .... CsOH (g) + 2€ • 'there lnay be excess en:rgy involved, we prcft'r' 

the lower value. Combining thi,s rcsult wi'th JANAr auxiliary dd'ta (~), we derive llHfO(CsOH , g) :: 105 .t 10 kcal/mol. 

Hed't COJ):'lci1.y dud Entropy 

The. correlation diagram of wd1sh (4) for HAS :nolecules prec1icts that CsOH (7 va.lence electrons) should be linear 

with the Unpaired electron in a pi orbl"tal. Therefore, we es'timate the ground s!:;;.te of CsOli'" to be 2n. C"OH+ is 

isoclectronic wit:h OH (}) and SH q). A first excited state is estimated at 32000 cm- I to be 2E, by analogy with these 

isoelectronic molecules. The bonding in CsOH+ is il55umed to be wea,ken€d relative to that in CsOH by th~ loss of the 

bonding electron from the neutra.l species. The vibrational ft"'equencies are estimated from those for CsOH with 

somewhat lowC!r values due to the weaker bonding. The Cs-O and O-H bond distances 8.re increased slightly over those 

for eson. 
The enthalpy at 0 K is -7.905 kca1ir:1C1. 
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Cesium Hydroxide. Dimeric (Cs2(OH)2) 

( I dea I Gas) GFW - 299.8247 

----gib"'lmol---_ keal/mol 
T. 'K Cp' S" -(GQ-H"'DI)/T HQ-H":I8l ~H~ 

0 ,000 .000 tNf'YNfH. . 4,of)41 ,,,, .25. 
! •• 1/1,017 o!>6.944 10?.671 3.11)7) .. t .... ~.fi6!:o 
2 •• IO.H9 T~.~H6 A7.9,!>9 1.~1:! ,PS1.OSa" ,.. 19.791 .... 6.l9~ .11 .... 19') .('\00 u~4 .400 

,"' 19,11;18 "e..:Ui' ~..,. 195 .037 164.4P' 
'00 21.2"4 9,.2P· A~.990 <!.(l91 .. ' ......... .,92 
'0. 22 .... ,1 01'.107 ~1'l.'5 '16 Q"Ao:, '"'' .026 

600 2').6~5 10t.l:fIJ 90.J'i''5 Ii ,Cj99 .. 111' .651 
100 211.55? 10.,.040 9'.l'!i7 9.1'J1t .. 1 "''' .199 

"0 2S.?-'9 1"f',J&6 93.9A6 11.S0q 16".690 ". 2~.'II1B 111.31'14 9"'>,7"'0 !4.0;;'0:, .. ,,,,9 of)3. 

1000 20.41')7 114.l4" Q7.II'SB 1".6"~ .. ?01.700 

1100 20.9"i? U .... oo!'\9 Q9.0q2 111.35 1 .. 201.5"'5. 
120('1 27 .J"'II 119,0"'3 100.60;6 ?20/'}7C .. "01.044 
I.HO '-.7.770 121,2111 10<'.1"'9 " •• A), .. ,01.,SI 
IAOO 2b.1 It. 1?3.3]? 10).'59B 21.1',77 .. ,n1.100 
lCj.OO 7~.4'77 12'§.?1J:? 10.11.91110 'HI.4')' .. ,(1).9011 

1600 26.704 121,126 10A,lOl" 33.311 .. :?t)o. '1"00 
1700 21).9'\4 126,6'1"11 1 0 7,'VJ) H.19. .. ,0/).486 
1600 29.116 t30.'5)~ 1(I~.eI2 )9.101 .. ;:>(1) .'769 
\q\)O 29.:Po; 13'2.11 6 l!'1().1iI9f1 4?t'!,q .. ,0/).0500 
2000 29.51',0 133.630 ! 11.142 44.91"" 1QI).A)4I 

2tl')0 29.123 135.076 11".1'47 41' ,940 .. 1(1).62"i-
noo 2f,j.1'I'11 11"'.·"2 10.317 '50,9,('1 109,421' 
2300 30.004 ! 1'1" .19) 1 14. 3~2 ')3.'11 4 100.2)1'! 
2400 lO.I:?5 139.073 110:;.3'51& 56. 9 ,,0 ... 109.069 
2500 ]O,:?35 1.0, 30~ It".3,,9 0;1).036 .. 108.912' 

?600 30.335 1111. 4 92 111'.27 111 6;:>.967 101ll.795 
,.,00 ]0.4'6 14,.639 1 t .... 193 61).00'} IQA,fo9e! 
7f!OQ 30.,,09 loll3,747 119.086 6Q .O~:? 1 0 Jll.633 
2900 3u.5A6 11114 ,A19 tlQ.Q~'5 n.101' .. 10".602 
)000 30.6!c'6 14"i,l'57 120.801 7'5.169 1<:;1".613 

3100 30.nO j46.6[\3 171.6?5 7,11..'JI:I 1011.467 
32QO 30.779 111'1" ,1540 tn.III:;,9 !lli1.]13 .. to.'! 077c 
]JOO 30,811.l 148,786 173. ?!III AII.]93 19A.9)'5 
]400 30.8"'31 1119.709 123.980 IH.47Q .. 1 0 °.155 
:\5-0<'1 31J.c:I,!-, lo:.0.f.t"I') 1211,""6 Q'C.C,fO "'I 1q9 .1I.4~ 

3&00 3U.07111 1'!>1.11117 12".tI~9 Q3."''''S 1 00.1'105 
3700 H.Ol'> 1,!>?3?6 1:7("0.173 96.7ft5 M 200.246 
31'100 JI.O"~ 1 '';).1 '54 1;? .... 81'2 99."168 .. ,00. '1"72 
HOO .H.Oill'l' 1 ~3.9"'1 In.~~T 10,.97') .. ::001. 'lI9) 
11000 ll.t~O I~a .106 12~ .2'77 ,Otl.OIJ6 .. ::007.11 11 

0100 31.10:,0 1~').511 121!1 .l'!~3 109.199 '" ?O?9.t12 
4200 .31 017& l~A.2~& 120,5"/\ 112.3111. '" ,,03.,11!93 
11300 31.?0'5. 1'57.00" DO. PiT tl.'i,41'5 .. ,,0011.'::04) 

11400 31.130 1'57.nO 13".77S 1111.'5'i7 .. 20"'.t 211j. 
""iOO H.7"OJ 1'51'1. II::'? 13!.3ft! 171./11111 .. "0".4J" 

111'100 31.?'I"~ 1'59.109 t 31 .9T'I' 174,607 .. ?Oll .A1'" 
11100 H.?Q'" ,0:,9.1~7. 13'.561 12'1'.936 .. ?10.449 
411100 .\1.316 IjI,O.1I41 13.1.135 t31.0"6 .. "I'.IS3 
11900 31.33.\1 \"'1.0I'lT IH,699 2311.199 .. ,,3.988 
!l000 31.1~:? l"'l.nO 134 ... ~) !3T.3B .. ?1"'.9S2 

!ll00 31,3"8 16~. 34 I 134. '1'98 IA(I.469 .. ?1 A • O.tO 
'S:1'OO 31. JAa 11\,.9'50 130;.333 143.,,07 .. nf).:?46 
';JOO 31. )Q8 IjI,J,548 !3"',a60 146.7116 .. ?,:?'56? 
51.!on 31.41 :? 1,.,4.1J5 13 .... 378 1 4 1).fI!AI'> .. ?;?4.Q63 
'\500 31.1I?6 164.712 1"'.81'18 1'53.0?,I\: .. ??1.1191 

'5(100 31.435 165.?78 131. )90 156. "2 .. 'JO.086 
5700 3l.4~O 165 .e3~ 137, ~1'!4 1511.316 .. 'P.15.t11 
'SMO H.4"" 1;1,1'1.31'\0; 11".-'11 t6'.41\' '" '~"I. 4 79 
..,900 31.,G7;? 11'06.920 13,1,.8".iO t6".606 .. :? ~~. ~5G 
6000 31.4.":3 l~T .449 13 0 .31] ! 68. 756 .. '.tII1.061 

June 30. ·1971 

"Gf" LocK. 

.. 161.25111 I11fF'tNITr: 
'" 160.10:,11 3'!iO.Oli!l 
.. IST.29'S 11' I ~ &8 3 

t51l1,04,11l ill,9pO 

... 15),9fU 1120117 
150,04111 elt .960 

.. 14'5. ~9'" 63,111 

l'I,60@ '51,5&1 
I 31',11:?3 111'7,843 
132. '1'66 36,21'0 

.. 1:i'liI.:;04:r 31014' 

.. i2:?o,q 26,612 

.. 114.019 2:?66'5 
106. !?9 19.329 · 9"019:'1 16.~O8 

· 90,21? 14 ~ 09? 
8:?d~0 1~.OOO 

1l1.Q.6~ 10.17'2 

· 66.S!!;1 !IIi.5!o9 - 51'1,11'7 7.1,9 
'!>o,~'!>? 5,84"-
43.006 •• 699 

- 35.169 3.660 
27.3.4 2.716 - 19.5?'5 1.85'5 
t t .713 t .061 

-,,9t5 • .H.? 

J,6B6 · .121 
11.61'9 · .945 
1"',461'1 1.5,0 
27.:?61 2.0,!!, 
35,068 2.553 

42.831' · 3.0,0 
50.6:/'7 l.4'S!,! 
51'1."::'4 · l.Sf9 
66.215 - •• 251 
H.O,,!, · 4.6") 

61.65) · 011.969 
!!!9,6&'5 · 5.291 
97,530 - 5.609 

IOor,.3e'S 5.906 
1l3.76° 6.H!! 

121.1504 - 6.4'58 
129.0jl,9 - 6.716 
13r ,ntO - 6.964 
144,974 - 7.('01 
152.96(11 - 'I' .4,9 

160.99'1' - 7 .6.t119 
!69.0~'S - 7.661 
111.1&1 8.066 
18'5.211 · e.:i'6) 
193. 4 JjIt - 6.4'5.S 

20 t,6'S' 8.6 4 1 
'09.89i'1 - S.S,? 
?1~.tOflq - e.99~ 
226,5?~ - 9.1 ... !'I 
?34.9tA - 9.J]~ 

243.304 9,497 
25t .6?; 9,6,)", 
260.3"il 9.1510 
;?66.97i - 9,961 
21'1','54' · 10,109 

CES1UM HYDROXIDE, DlMER!C (CS
2

(OH);{) (IDEAL GAS) GFW· 299.82", CS
2

H
2

021 
Point Group C2h 6HfO :: -161.3 ~ 10.0 iccallmol 

S298.15 [86.2 t 3.0) gibbs/mol IlHfi98,15 -161.1.4 10.0 kcal/lMl 

Ground St4te QUantum Weight:: 1 

VibI'B:tional Fr2gue.ncies and Dl!generac:ies 
-1 
~ ~ 
(200J (1) [1250] (1) 

(110) (l) (1250J (1) 

(no) (1) [1250] (U 

[120J (l) [1250] (l) 

[2201 (l) (3100J (1) 

[230J (l) (3700J (l) 

Bond Distance: Cs-O:: (2.63] O-H :: (0.S5] A 

Bond Angle: Cs-O-Cs:: (90' J Cs-O-H::: [110· J (J :: Z 

Produc"t of Moments of Inertia: IAIB1C:: [5.40115] x 10-112 g3 cm6 

He4t of FO['ma'tion 

Schoonmaker and Porter 0) Ilnalyzed the vapors in equilibrium with liquid CsOH and mixed KOH-CsOH condensed phAses with a 

mass spectrometer and reported the presence of e.ppreciable concentrations of dimer in the temperature range 650-700 K. By 

applying the method of relative equilibrium constants, these workers c.slculdted the difference in the free energies of dimeriza

tion fol' KOH-CsOH. A third law analysis of their free energy data for this p4ir leads 'to a difference "in the heats of dimeriza

tion of 10.9 kcallmol At: 298.15 K for CsOH and KOH. Ba.sed upon the adopted value for KOH{g), llH
29S

(dimerization) :: -4S.3 !: 3.0 

kc{!l/lt'-ol (l), we derhc IlH 29S (dimeriza:tion) ::: -40.4 ~ l>.0 kcal/mol for;( CsOH{g) ,., Cs
2

(OH}2(g). COmbining this result with 'the 

heat of formation foro the idseous monomer (~), that: for the dimer is uHf 29S {Cs 2 (OH}2' g) ::: -164.4 .!: 10.0 kciil/lJl.:Il. 

Heat C.apaci ty and Entropy 

3uchler et a1. (:i) investigated the geometries of !'.leveral molecules containing cesium by the deflection of ooleculaI" bealrs in 

an inhomogeneous electric field. Their results for Cs
2

(OH)2(g) indicated that the molecule was nonpolar which implies a planar 

configuration for at least the Cs 20 2 part of the Jr¥)lecule. Several structural models proposed for the d.imers of the alkali metal 

hydroxides each incorporate this planar configuration for the alkali and o)l:ijgen atoms. B~uer et a1. <.§) calculated entropies of 

dimerization for NaOH(g) and KOH(g) with a dimer model consisting of a square planar configu:r:'dtion for the alkali and oxygen atoms 

with "tWO hydrogen bonded bridges between the oxygens and hydrogens. Schoonmaker and Po!'ter (]) adopted the same alkali-oxygen 

c:onfigut'~tion but did no1: allow for' hydrogen bonding between the oxygens and hydrogens. Berk~witz e't a1. C§.l relied on "the 

apparent: similarity of 'the alkali halides and hydroxides in forl!ling dimeric species 'to propose .is stI'uctural r.wdel for Li
2

(OH) 2(g). 

This model consisted of a. trans config\J,.:ration with hydrogens above and below the plane of a rhombus formed by the lithium and 

oxygen atoms, the Li-O-Li bond dngle being 100·. We ddopt: ~ structure for Cs
2

COH)2(gJ .... hich is similar to the r!lodel of Berkowit;;:: 

et <'1.1. (.§.) for Li 2{OH)Z(g) but with the Cs-O-Cs bond angle equal to 90·, The cesium and oxygen atOM farm a square planar 

conflg,H"'ation. 'I':"\e Cs-O-H bond ;mgle is assumed equal to 110 0
• The CS-O bond distance i::i CS1:il1'ldted 4S being 10\ longer than that 

in C~OH(&). The O-H bond dista.'1ce is estimated to be the same d,S in l!20(g). The three principal moments of inertia aI"e: I
A

'" 

[20,42691 x 10- 39 , Is:: (152.908) x 10- 39 , and Ie:: [172.907] x 10- 39 g cm 2 • 

Acquista et: al. (]) obsi5rved the infrared spectra of mdtrix isolated CsOH and reported bands in the region 300-200 cm-1 

whose r-elativp.. intensLties dec:r<eancd witt>. increfl.sing te1!.p~raturc. Since t.he dime!' to monomer ratio decrea5es 'With increasing 

temperature, these bands appe.;l.red to 4rise from polymeric species of CsDH, but no definite assignments could be made. Similar 

results have been reported for RbOH and NaOH from infra:t"ed studies (!!) of these mo~eclJles trapped in inert matrices. Berkowitz 

c.t 41. (.§) estimated vibrational frequencies for Li
2

(OH)2{g) by cornpari90n with those for c!irneric Li
2

f
2
{g). The frequencies for 

Li 2 F2 (gJ had been estimated earlier by Berkowitz (,2,) using 4TI ionic model and normal coordinate analysis. It has now been 

est.s.hlished expeI'iment.slly that: these es'timated frequencies for Li 2 F'2(g) are too low (See Li
2

F
2

(g) table for details). Until 

definite assignments for' the dimeric hydroxides can be made from infrared st.udies. we tentati .... ely adopt the six estil:lated 

frequencies for (See Csf2(g) 'table for det<l.ils) .and .s.pply the..'!l directly to CsZCOH)Z(g). The remaining O-H stretChing 

dIld bending are estimates from the work of Rerkowitz et a1. <.§) , 

Rcfer-ences 
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4. A. Buchler, J. L. Stauffer, and W. Klcm,?el'er, J. Chem. Phys.,~, 605 (1967). 
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Cs 2H202 

.;a. 
I\) 
Ci 

n 
:::c 
J> en 
m 
m ... 
J> 
r 



Fluorine Uninegative Ion ( F - ) 

(I dea I Gas) GF1N - 18.99895 

~---"._I---- kcaJ/mol 
T,CK CpO so -(GO-H"_)rr H"-w ... OHI" 

0 
100 

'" '" 11,961,; )1\.767 jll..T67 .00') 61,OR:? 

JO' f4.Q6d ]4,797 .311.767 .009 61.089 
.00 1.1,960 )f ... 227 )4.962 ,'j06 61.11711 
;00 14,961,; )7.)J'5 J5.3J!) 1.00] - 61.13711. 

.00 '4,968 )6.l4\ 3'),7112 1.'501) 62.2911 
roo 4:1,960 39.0117 36.15'; j .996 62.719 
,"0 1.I,961'! )9.610 H ... o;SIiI '.,H] 6301 SO? 
900 1.1,96& 40. 2S~ H,.9J3 ;I.99/) 6].,)90 

10Ml 1.1,9""6 110. TlQ )7 .292 3.IIIA7 6/1.0)) 

1100 1.1.96/:1 41.;!')? H.I.]1 3.9J'Q 6/i.479 
1200 4,961$ 41.6611 37.951 4.480 611,92

' \300 1.I,96d 112.0!P 38.i'')4 /I .977 6') ,]1ij 

1_00 Q ,966 112.4,)0 )8,0;1.10 ~.4 711 - 6<;.a32 
1 ~oo 4,968 Q2.?93 )/1,612 "1.971 66.2M 

1600 Q,91'>8 4).1\1! 3\1,0:1"1 1:..467 6 .... 7/1') 
1700 4,9""d 43, Q! ~ HI,31fl 1.,.9611 6' .2011 
1('100 4.961:1 11].1'199 19.Oj'1I ",461 67.6#''' 
1900 4,961:1 11],<,161 3V.77<,1 1.9,)6 6'101 27 
7000 4.908 44.722 19.99'5 A.4')5 6".591 

?Ino 6.9&8 114.C65 "0.202 11.951 69.0'55 
7200 10.91)8 44.fl96 "0.1.101 " ./US 69.SC12 
")]l}O ",966 4(1,0,117 40.'S9) ".9." 69.91:19 
?400 1i.9At! 4S.128 4\).177 to.4112 10.4')9 
7')00 1l.96t! 1150331 1:10,955 1"1.93'" 11).929 

2600 11.961:1 45.526 III.p7 11.43S 11.,4(10 
711"10 4.96tJ il5,7L'\ 111.;>91.1 11.932 11.1F3 
'flOD ".96b 45.694 41.455 1(.429 12.]lI1' 
")900 " ,9"6 116.06fil "1.611 1'.9<.'1; - 77.S?? 
JOOO '.!, q6~ il6.237 41.71!12 11.42) 13.291'1 

HOD ".96b 46. )99 41.900;1 n.919 - 7).775 
UOO 1I.9""!; 116.!.>51 42.0';2 1' •• 416 - 74.253 
~ ]o/) 4.9r.b 46.7iO 42.191 Iii .913 74,733 
)1l00 ",968 46.853 "2.326 IS.41/) '';,21111 
,son ".9ot! 47 .002 42,Q'58 1'),901' 1'),69'" 

}600 ... 968 4701/12 42.!I.<J6 ,".AO) - 76.116 
Fon ".9 .. 8 47.278 42.11 1 ''',900 - 7(../'j62 
11300 11.968 117.1111 42.1'13) 11 ol97 - 77.l0r 
1900 Q.96d 117. ~4n 42.9":12 17. ~Q4 17,6]4 
<.1000 1.4.9()8 41.b66 4) .Ol,~ 111,.)90 - 78.120 

~ 
11100 ",96t! oIIT.7f18 4).182 111,,867 - 71\,/'j09 ... 11200 11.91)8 r!IT.',l0R 43.293 19.]1\4 T9.0Q,I§ 

".. 4]00 1I.96tj 118.025 43,1101 19. ~81 19 ,'",,9 
'< ,~ .. 0 0 u.96o!:1 A"'.UQ 4j. 50~ 20,318 AO.fllH 
!" (1';)00 1I.9t\~ 4>5.20;1 4j,612 21)'/.11'4 ~O.'H3 

n 11#'00 ... 96c1 46.360 43.714 '210371 - B l,06~ ::r .. 471)0 4.96.!:1 !l6.1167 43.61.). 21 .~6,o; - 6t.561 

l' !l600 ".961'1 !la."'1 113.912 2'.]6" ~?057 

!!900 ".96tj 1i6.61'4 44,00" 2?662 82.5'5Q 

'" 
<;000 II .966 118.774 44.10) 2JoJ51i - A ~. 05" 

~ 511')0 4,966 48.tl1] /1.4.19':0 23 .li5~ - 8l.55l 
')~OO 4,966 46,969 44.78!'. 1'01.152 6<1,1')51 

IC ';JOO 4.9"8 49.0611 44,375 2111.,1;09 /U,.552 

J 
')/;\1)0 4.96a 4901 S 1 44.II/'jJ 25.311'1 ~o;.055 

S~Of) 1.!.960 49. c4" 411,519 2"i.lh2 85.557 

< 
"1600 4.9/'16 49.])7 <14.6)4 21'1.339 - e6.062 
<;700 1i.'lI61!1 49.425 411.11 7 Z"oI:1J.1', - A",.'i~ 

~ 'it\OO ". 9/'1~ 119,5l7 114.19Q 27033] - 8'.0711 
'5900 11.9'«'8 119.'597 'U.860 27.530 - 57,51111 

.!" .,o/)o 4.96b 1119.660 u.9'J.9 ;).'1.326 - 68,0"9 

Z June 30, 1965; Dec. :n, 1971 
~ 

!" -.c .... 
"" 

OGF u.gKp 

- 62. f)B 45,91\1'1 

- 62.746 45.712' - 63.21i14 J4.5'55 - 6].641 27.817 

63.95" 23.295 
64.196 20.04] - 64.lr9 17 ,5151 
64.')OI!> 15,664 - 64.,)1$4 14,11"1 

- 64.61 8 12.1$]1$ - 611.61° 11.76 l' - 64.565 to.eS4 - 64 •• 86 10.067 - 611.)1'11 9.3r9 

611.231 e.7711 - 64.060 8.;?]5 - 63.1563 1.1'S1I - 63.6]9 7.370 - 63.390 6.917 

· 03.11 9 6.569 
62.925 6.241 

· 02.51° 5.940 

· 62.175 5.662 

· 61.921 5.11104 

· 6t.U6 5.165 

· 61.05- 4.94/? 

· 60.646 A,7)A 

· 60.2111 4.5)6 

· 59.178 A.355 

~9.Jla 4.182 - 58.844 1I.0t 9 
58.355 3.665 - 51.852 3.71.9 - 57ol31 3,560 

56.eOI 3.4.8 
56.,.501" 3. 323 
55.698 3.203 
5') 01.29 3,089 - 54.,)Q4 2,980 

53,9<;.0 2,876 
~).1.2 2.776 - 52.723 2.6eo 
52.093 2.5111 
51.451 2.499 

50.1'99 2,41) - ~o oilS 2.331 
49.11161 2.20;2 - "".777 2,176 
48.082 2.102 

- III'/' ,3'1'9 2.0]0 - 46.663 1.961 - 4'5.9]9 1.e94 - '5.208 l.elO - 1114.464 1.16'1' 

- 43.1"12 \.106 - 42.951 1.641 
42.182 1.501119 
A1.405 1.5)4 - AO,611 1.479 

FLUORINE UNINEGATIVE ION (r-) (IDEAL GAS) 

Ground S'tdte Configuration Iso 

S29S.15 = 34.751 C.OOI gibbs/mol 

Bed t of for:na t ion 

i:lectrcnic Levels and QUantum Weights 

-1 
ti' cm ~ 

F 

GFW :: 18.99895 

,~HfO ~ -50.03 0.4 kC411mol 

6Hfi98.15 -61.0e 0.4 kcal/mol 

Milstein and Berry (.!) have recently concluded that the electron affinity reported by Berry and Rcim,mn (1) 

crroneous, the obscrved threshold being probably due 'to an Atf species. The new value reportcd by Milstein 

and Berry (1) is 3,39B eV in excellent agreement with a VAlue 3.400 eV reported by ?opp (l • .:!), We adopt the 

electron affinity as 3.399 :!: 0.002 eV (78.384 :!: 0.050 kcal) which yields llHfo(r-, g) = -60.027 .t 0.4 kcal/mol, ot' 

cl{f;9S(F-, g) :: -51.0B2 :!: 0,4 kC.:l.l/mo1. 

!-leat Capacity and Entropy 

The ground sta'te configura1:icn was assum.ed 'to be that: of neon with which F- is i!>oelectt"onic. The electror:.ic 

levels were also assumed to be those of neon (~), and since the first excited. sta1:e is above 100,000 cm-
l

, only the 

ground state configuration is ~mployed in the calcula.tions. The enthalpy HO - H29S.1S is -1.4Bl kcal/mol. 

References 

R. Milstein and R. S. BeI'ry, J. Chem. Phys. ~.§. 1.iol46 (1971). 

2. R. S. Berry and C. w, Reimann, J. Chern. pnys. ~. 1540 (1963). 

3, H. P. Popp, Z. N.aturforsch. 20A,.61<2 (l965), 

4. p, Popp, Z. Na'turforsch, nA, 25,", (1961). 

5. C. Eo Moore, U. S. Nat1. Bur. Std. CiI'cula.!' 467,1949. 
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Fluorosulfuric Acid (HS0 3F) 

(ideal Gas) GFW ~ 100.0686 

~---gibbs/mol---_ kcal/mol----
T, OK Cpo S" -(Go-Waa){f H"-Wsstl 6.Hf' 

o 
'0' lee ,qe 

~oc(' 

Q.3'ib 
14.168 
17."83 

.001') '~FtNITE 
')6.6'53 M.?92 
64.616 72.'5'51 
71.022 71.022: 

- 3.'SSfI 
2.1610 

- 1.51'11 
.coo 

111. ~56 
- 1 7e .463 
-179.37'5 

180. 000 

AGI" 

- tn.lSI> 
- 174~ 36q 
- lb9~902 
- 165.109 

Log Kp 

I NFINI TE 
361.0B:! 
185.660 
lZl.Ola 

Jao la.Cio'S n.D:'>; 71.022 ~O"l3 160.011') - Ib'5.011 120 0 21') 

-}%%--- -~~~~~{--- --~-t-il~ --- -H:{t-[-- -----} :[2~- -- ~ -t:-~-:-~-~- ---~ -~ gZ~~~~--- -- {}:-}n 
600 
'00 
BOO 
900 

l'Joe 

11(10 
ll00 
1)00 
140'" 
1'500 

lbOO 
1700 
1800 
190C 
lOlC 

1101'l 
220e 
Z30~ 

2400 
2'50'1 

26ce 
ncr; 
2800 
lQ:O 
JaM 

HOC 
12<)0 
3300 
3100C 
350:) 

36CC 
HO) 
360e 
)QO(j 

400') 

41et 
420') 
4300 
44CO 
4'5"0 

4bce 
!olOO 
480~ 

4900 
5000 

'ilOC 
'5200 
'SJCC 
540'J 
5'500 

'i6')O 
5700 
'.),"00 
'591):l 
6000 

?4 ~'521 
2'5.&0'& 
'U .. '53Q 
27,229 
27.767 

26.250 
28.63<; 
28.qM 
29.253 
29.49<,1 

29.717. 
29. S'91/ 
:30.063 
30.208 
30.)36 

10.4'),) 
)(,.552 
30.643 
10.725 
3G.799 

10.666 
10.Q7.(. 
lC'l.QRl 
31. CJ I 
31.071 

31. 
31.192 
31. 22~ 
31.255 

3l.282 
31.306 
31.312 
31. )54 
31 • Jl~ 

31. )q4 
31.412 
11.42'1 
31.444 
31.45'1 

31.473 
31.4Rb 
31.498 
31.510 
11.521 

31.'531 
31.'541 
31.55e 
31.5'5<:; 
31.567 

11.575 
'I.58? 
31.5e<; 
11.596 
1\ .602 

8').(175 
8<).84') 
(n.312 
96.499 
<;'1.398 

102.069 
11)4.544 
106.850 
l09.007 
111. C34 

112.94') 
11 .... 752 
li6.406 
tiS .09'; 
119.64(1 

121.131 
122.550 
123.'tHO 
125.216 
116.471 

127.&8! 
128. fl4? 
129.972 
l3l. eM 
132.113 

131.13; 
134.122 
115.0'11 
136.013 
13~.918 

137.199 
138.~'3~ 

13-:).492 
14C.3~l'< 

141. lOCi 

141.87') 
1'02.1>32 
143.311 
144. (,<;4 
144.8')(; 

14'5.492 
\4&.\bQ 
14&.612 
141.482 
!4f!.IIS 

14e.1"'J 
149.)5'5 
14'1,'1'SI> 
1":iC.S"'6 
l'H .125 

l'H.694 
152.2'53 
152.6C2 
l'S3.342 
153.671 

75.C26 
16.572 
?e.1l'S 
ac.sla 
82.2603 

8".944 
85.'358 
81. IC~ 
81'.')<)6 
90.025 

'H .19'1 
9Z.720 
'H.9n 
9'5.218 
96.401 

97.54; 
·H~.MB 

'19.717 
LOIJ.7SZ 
tct.7':>0 

lC2.7J~ 

1(:).676 
lOf •• 59,) 
I 0'5~489 
106.35<;1 

lC7.Z"Jb 
109.032 
IOB.837 
IOQ.623 
110.)90 

11l.13Q 
llt.an 
lIl.567 
113. lEIS 
11 ?97) 

114.644 
11';.302 
11!J.Q46 
116.517 
117. \97 

111.9C4 
IHI.I.,Ol 
116.9860 
119.0;.61 
120.1260 

120 .. 681 
t21.Ub 
121.163 
127.2<;10 
127.80q 

12) .. )20 
123.A23 
t24.318 
174.805 
1 25.2~'5 

~.,)6o; 

Q ~082 
1I~694 

1'0.38 ~ 
17.13') 

t S.'13e 
2l.781 
75~1)63 

28~575 
H.'ill 

)4.4140 

J 1 ~4" 4 
4 o~ 4'):3 
4J.46{; 
46.4<F. 

49~"33 
52.583 
55.643 
'.:>R.112 
61. lB~ 

64.S71 
61.<)f,1 
7l~056 

74 ~L 57 
77.262 

1:"10.372 
B3.'.86 
!'!6.604 
89.724 
'1? 84 ~ 

95.975 
g9.1C".i 

1J2.237 
105.371 
He.50 

111.b4f.. 
114. 7S~ 
117.928' 
121.017 
124.217 

127.364 
l'O~'H2 
1:n~661 

136.811 
139.91';,1 

143~ 1 t '5 
146 .. l6Q 
149 .... Z3 
1 ~2. '510:;-
1"5~n'5 

1".i8.892 
102.0')(1 
16'j~209 

16E'~ 36E 
17L';2a 

June 30, 1972 

181.914 
- 18l.14') 
- 195~ 341 
- lq5~ lOS 

194.836 

- 1910,,544 
- 194 ~23C· 
- 1 "'I3~ '10'_ 
- 193~566 

- Iql.VI 

- 192'" 670 
- l'n~5!4 

- 192.1'59 
- 1"'11 ~ flO.? 
- l <)l ~4"'7 

- 191.094 
- lQO .. 141) 

I 90~ 400 
- 1'10 ~Of,Q 

1 AQ~ 121 

- 189 .. 397 
- 18<;1.074 
- I fla~ 759 
- 186 ~449 
- laSe 148 

- un .S4~ 
- 187.561 
- 181.217 
- un ~002 
- lB/;). 734 

- 18b.47e 
- IS6e216 
- 1 !'I '5 ~ <;lfl'j 
- lA,)~1n 

- 1 B5. 4 AI!> 

- 185~2":i6 

- 185.031 
- 184.A11 
- 184.600 
- IM.3'1? 

- l '34 c lSQ 
- lSlc"N) 
- l~3 .BO 1 
- lfB.613 
- lIB. 417 

- 111,.255 
- 193. CIa? 
- 182.91Z 
- 182.748 
- I AZ.5f!6 

- 182.432 
- IA2.27<) 
- 182~130 
- 1 AL. 9A5 
- IAl.f!44 

- L4Q.180 
- 11.,3.680 
- 13Q.445 
- l32.47! 
- 125.')24 

- IIA.609 
- 111.116 
- 104.854 
- 98.01ll 
- 91.206 

- 84.41(: 
- 77 .b107 

10.<;1('2 
- 64.173 
- ')7.467 

- 50.717 
- 44.103 
- :n~446 
- 30.800 
- 74.17') 

- 17.5';7 
- 10.'"/5'5 

4.166 
2.21'1 -
EI.HH -

15.)"" -
21.895 -
28.43'" -
~4 .969 -
41.491 -

61.021 -
f>1o'iI1 -
74.010 -

80.'.<)5 
~6.971o -
'13.451 

I '}6. 

112."44 
llQ.2'118 -
125.749 
I ~?194 -
13A.632 -

\4'>.077 -
1'51. 'i10 -
1')7.'9'51 -
164.31l -
17(,.f'lC4 -

177.124 
lfn~~4, 

19'] .06B -
Iq6.47~ -
202.B'16 -

54.33'1 
44.13')Q 
)IJ.Oq,) 
32.1~6 
21.433 

23.566 
2C.3Io1 
17.628 
15.301 
13.2119 

11.531 
9.962 
9.609 
7.382 
6.71\0 

5.284 
4.38t 
3. SSS 
2. BO":i 
2.11 J 

1 .... 76 
• B'l? 
.341 
.167 
.640 

1.0ti2 
1.49'5 
1.683 
7.248 
2.591 

2.91'5 
3.2'20 
3. '510 
J.784 
4./)44 

4.191 
4.526 
ie.7,)0 
4.Q63 
S.lb7 

5.36l 
<;.'S"., 
5.725 
'5.1396 
6.0bO 

6.211 
6.3&6 
6.'513 
6.6'52 
6.787 

6~q16 

7.0td 
7.1&2 
7.278 
1. )'<0 

fLUOROSULFURIC ACID (HSO)f) 

Point Group [C
s 

J 

5298.15 :: 71.0 ! 0,9 gibbs/mol 

Ground Stat"e Qu.!!.ntum weight: :: 1 

(IDr:AL GAS) 

Vibrational Frequencitl.s and Degener.!!.cies 

Bond Distance: o=s = (1. 11051 A 

~-~-::.:. 
-1 
~ 

3602 (1) S2S (1) 

1243 (l) SSO (ll 

1150 (l) 410 il) 

896 (l) 3900) 

5-0H:: S-F (1.53] 

Eond Angle: 0=5=0:: [124°) F-S-OH = S-C-H = [100") 

Produc"t of the M01:\ents of Tner'tia: IATSIC = [4.2733 x 10-114 ] g3 c rr-,6 

Heat of Formation 

-1 
~ 

1486 (1) 

562 (l) 

3900) 

265 (1) 

FH03S 

GN -= 100.0686 

I\HfO ; -171,lj ! '1 kcal/:nol 

6Hf 29B .15 :: -160 = 2 kcd/mol 

O-H -= [1.00 J A 

lIHfO(£, 29B.IS K) may be derived from calorimetr-ic da1:a of Richa.rds and Woolf <.!) which yield IlHr
299 

::: -14.94 = 0.2 

kcal/mol for 503(0 + Hr (real gas, 1 atm.) -+ Hso
3
rcn. Using flHfO(S03' t) !: -105,41 (~) and llHf(Hf, real gas) :: 

-70.12 (1, !:) kcal/mol, we derive !'!HrQ -190.5 kCdl(mol for HSOJf{t) dod -HO.3 = 1.5 kcallmo1 for the ideal gas. The 

latter value agre~s well with -179,2!: 3 kcal/mol estimated for HS0
3
f(g) from "the rel.'!tt!d molecules S02F] and H2 S04 (:!). 

We ~dopt .1Hf~ :: -180 ! 2 kc.,.l/mo1. 

Derivation of lI,Hf~(g) presumes 'that" the heat of vaporization is 10.2 ! 1.0 kcal/mo1 at 25°C. Measurements of the 

heat of condensation (2) yield 12.S .t 0.8 kcal/mol for the enthalpy difference between reill gas at l54.I.j·C and the liquid 

at 25°C, Added to this value should be +0.2 kcal/rnol {estimated correction for g.l!s ir."!perfection} and -2.8 kcal/:llol 

(calculated enthalpy difference for' the ideal ga.s be'tween 2S'"C ilnd l64.4 Q

C, the approximate normal boiling ?o~nt). 

Other calorimetric d.ata. bearing on uHf 0 were reported by Lenskii et al. <.~) .and Weolf (!.), but these results are 

much more uncertain C.!) due to eXperimen"tal error and to inadequate definition of the s"tates of the reactants and products. 

Heat Ca.pacity and f.ntropy 

Savoie and Giguere (1) reviewed possible molecular strLlctures and preferred eclipsed (cis) forms, arbitra.rily selecting 

one in which r-S-O~H is copla.nar. We adop"t this structure since the choice cha.nges the thermodyna~ic functions very little. 

Possible s"tt'ucturcs all have c :: 1 (C
s 

01' C
1 

symmetry) and similar values bf the product of '"the moments of inerti.'!l. Bond 

lengths and a.ngles are estil!"<1t"ed by comparison with (~) t S02F'] , S02Cl;Z and H§SOII (~). These p.,["'~meters yield O=S-F 

and O::S-OH engle:::; of 107.55' and princip.ll moments of of IA 15,963 x 10-3 , In:: 15.168 x 10-39 , Ie :: 

16,558 x 10-39 g em 2 

lJ"ib:rational fundamenta.ls are from the A;;si.gnment of Sa.voie "nd Giguere (1) as modified by Chacka14ckal ana S't:afford 

<..~.>. Dna include Raman spectra of the liquid (1.Q) and infrared spect:'d of all three phases {2} phis the superheated 

vapor (~). Spectra of the superheated vapor helped to chrify "the vibrational distinction between the monomer and 

;)ssocia"tcd tnoleculf';;. S~voje al"ld Giguere derived a barrier of about 1.3 keal/mol for hindered i.ntern"-l rotlltion of the 

O!-! group a.nd used this to calcula.te Cp" -= 11,6lj and SO :: 71.38 gibbshr.ol at 298.15 K, We calculate Cpo::: 17.98 and SO :: 

71.02 gibbs/mol using "the OH-tor'sional frequency (265 em-l ) insteaa of hindered rotdt:ion. 
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Potassium Bifluoride (KHFZl 

(Crystal) GFW • 78.10577 

~~~-gJbbsfmol ~~~- Itcal/mol 
T,QK CpO ". -(GQ -H02NI){f H"-W .... AHr ,GF ..... Kp 

0 ,ono ,01)0 INrr~lT[ 3 .... "S ~ 22'1,11 10 .. 221,1110 INF'I"IIT[ 
100 ll,702 8.31'>2 )9,536 1.11"1' .. 722.361 .. 211' .05T /874,378 
200 10,03\.1 18,OflO l6,'S?9 1.6911 .. 222.559 .. 211. &53 231,2"" 

". t6,JA9 213.920 24,920 .000 .. 22'2.'570 .. 206.295 i'H.Zte 

300 18.4)0 'S.031i 24,920 .(1:3£1" 222,569 201).1911 150,212 
11.00 20,";1'0 ,o.(i~9 25,669 1.9811" 223,050 ?OO.6F 109.623 
,60 23.9~O 41.257 17.500 6.aT~ .. 220,f'I56 19S.21~ 55.331 

1100 23.9#00 #'001 49 40.8,,6 ?1.254 236.?)8 165. 69 1 3:?920 
1200 23.9"'0 "'1'.233 42.5;?5 :?3.650 235,"0) 159,3()/I 29 ,°13 
1300 23.9"'0 ~II 0151 "".115 26.0 4 6 23 11 .979 152.9n 25.711 
1.0.00 23.9[1.0 (,'S.9,r 115.61 I 26,&1132' 23 11 ,361.1 .. 14 6.681'1 22.899 
,soo 2)."'''''0 67.S1'0 117,021 )0.8)8 .. ?]3. 'I''}9 ,cO.44) ;:00.463 

11\00 23.9..,0 69.1?6 118.1S5 33.234 .. 233.16 4 134,243 18.3137 
POO 23,960 70.'579 119.620 )'50.630 .. 232'.517 128,018 16,·66 
1,"00 23,9,,>0 1'1,9/18 '50,en 36.026 .. 232.000 121,9'50 14 ,807 
1900 23,960 1'3.2 114 'H,9t'l9 40,42' .. 231,031 Il~.f'l'51 13,326 
2000 23.9,.,0 1e •• 1'3 'H,06J 42.818 .. 230."'69 109.780 1 t .996 

,-~~~~~~~-,J",u"," .. eo...;o3,,-O'L=l'362i D<:1;c. 31, 1':163; June 30. 1971 

POTASSIUM BHLUORInE OCrlr 2) (CRYSTAL) GF'I" 76.10677 F ZHK 

uHiO" -221.41 ! 0.3 kcal/rnol 

5 298 15 " 24,92 0.1 gibbs/mol uHf;:39.1S -222,57 0.3 kcallrno1 

Tt :: 469,8:5 K .'''Ht~ 2.682 0.01 kcal/mol 

Thr >: bll.95 X t.Jiim~ 1.582 0.003 kcallmol 

rieat of foroa.tion 

Davi'l d..n.d We~t::,um 0) m<!i'l.sut"ed direc'tly the enthalpy of the decomposition reaction KEf
2

(c) ... KrCC> + Hf(g) in an 

adiabatic cdJ.orimeter as uHd
o 

" 18.52 t 0.05 kcal/mol a"t 500 K. Reducing to 298 K, W~ obt:~in i>Hd
Z98 

" 21.533 t 0.05 

kcal/mol which lC4ds to the heat of formation, lIHf;9S(KHF 2 , c) ;: -222.57 ! 0.3 kcal/mol, using all JA.'~Ar functions and 

ilHf
29S

{HF I g) ;: -65.14 ! 0.2 ked/woOl (1) and 6Hf;ssO:r, c) " -135.9 :!: 0.1 kcal/mol (d). The value of -222.57 kcal/mol 

is: adopted in the tabulation. 

Westrum and Pitzer ( .. ) measured the dissociation vapor pres!Our"es of KHF
2

(C, £) by a static method. Their pressure 

data have been a.'·1alyz~d by both 2nd law and 3rd law methods as given below. The hea.'t or forma.tion derived from the 

3!'d law analysis differs by about 0.3 kcal/mol from the valu~ adopted, which is greater than the combined eXperimental 

Decomposition Reaction 

KHF
2

(c) -t> K:(c) + l-lF{g) 

KHF
2
(t) ... Kr(c) "" HF(g) 

Temp. 

~_K~ 

478-500 

504_577 

No. of 

Points 

14 

~;98kCdl/n:.-ol 
3rd 141.' 2nd Idw 

21.31 0.01 21. 2l !: 0.12 

17.73 t 0.24 19,82 !: o.oe 

t D.e drift is 'the difference between 6Sr"(JA}IAF functions) and c.SrO{2nd law) 

.. 3rd l<1l.,' JHd
298 

is used in calcl,.ll.ation. 

Drift 
, 

lIHf29S (KHF
2

• c) 

~ (kcal/mol) 

0.2 0.2 -222.35· 

-3.9 '!: 0,2 -222.28·· 

u This Vd~ue is derived from tht=. adopted heat: of melting, .lHlTl
298 

= 3.504 xcal/mol dnd llHf
298

(KHf
z

, t) -218.773 

kcal/mo1. The lat'tel' is calculated from the 3rd law C.Hd;ga' 

Heat Capacity and £n'tropv 

Westrum and Pitzer {::,l xneasu1:'ed both low temp~ra.ture Cp data (l6-31S K) in an adiabatic calorimeter and high 

temperatuftl enthalpy da1:a (321.5 - 465 K for a pha.se and 1.71.3 - 50S.S K for" ~ phase) in a drop calorimeter. We use their 

experimental Cp data 'to derive Si98 :: 24.92 '!: 0.1 eu, based on S· ': 0,0643 eu at 15 K. The low t:emper'a:tur'e Cp ~nd high 

t:emperature enthalpy ddtd for the a phase arc smoothly joined at 298 K by a polynomia.l Cur .... « fitting method. The deviations of 

the observed enthalpy dat:a from t:he adopted values <lre 0.68\ at 321.5 K and O.OH a't 463.7 K. The constalYt heat capacity, 

23.96 gibbs/mol, in the ~ phase is derived fT-om the measured entha.lpy data. (,::), and is assumed to be the same when the 

temperature is above the mel ting point. 

Transit:ion and Melting Do!ta 

D<1vis and Westrum (.,;) o.easured the heat of the a-? tI"dJ1sition, dHt O = 7.682 .t 0.01 kcal/rnol at 196.7~C, and the heat 

of melting, ,:,HllI s ;:" 1.582 :t 0.003 kcal/mcl at: 23t1.8~C in an adia.batic calorimeter. Their data. a:::"!: adopted in the tabulation. 

Based on the drop calorimetric measu:'ements (!!), we ha.ve derived 6.Hm" " 1,554 kcal/mol which is in good agreement wit:h the 

va.lue adopted. 

~efeJ":'ence5 

1. H.. L. Davis an.o r. F. ;":cs"trum, Jr., J. Phys. Chern • .22, 338 (1961). 

2. JANAf HF(g) table dated Dec. 31, 19613. 

3. JAAA'f KF(c) table oated JU:1e 30, 1969 • 

4. E. F. Westrwn, Jr. and K. S. Pitzer, J . .Amer. Chtim. Soc. 11, 1940 (1549). 
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Potassium Bifluoride (KHF 2 ) 

(Liquid) GFW - 78.10677 

----gibb!Jmol---_ kcaf/mol-----

T."K CpO S"' -(GO-H"'2I.){f H"-fr... Iillr" <lGr Log Kp 

0 
100 
,00 

2"' l~.lQO ]1,731 31.731 .000 .. 219.066 204.621 150,131' 

,00 Itt,AlO 31,645 31.nl .034 .. Z19.065 ~OO. 7 3] 149.1A7 
.00 25,000 ~,!\. 704 J?63 4 2. 11.14 .. 11 0 ,086 199,919 109,2]0 

'00 2S.0()Q lbfl.]?J 34.4)4 III ~ 001 A .. 1\.11.,486 \QIj. \9P. 6'5.321 

600 2S.000 4".8A1 36.Q14 "1'.444" 2!7.1'194 .. 190.595 69.424 

{~-g--. --n~~~g- -- -~~-:{-}~-----lg!H:------fi ;H'~-- -~ -~{i~~-!-}---~-}:~: ~;~----- .~;;~~g 
901) 2<;,000 1Ij9,01! 42.0\\3 1111.'HolI. ... 21!1io.H,1 .. lH.)?1 ').O~Q 

1000 250,000 Al.6'5c 114.21'17 1'I'.4U" 215.fl52 .. 17].032 37,816 

1100 2~oOOU 6111,03" 4"'.9(')) tQ.Ql.l.Q .. 23 i1 .04" 167.l'T1 n,333 
1;:,00 25.000 66,210 47.506 22.II,U .. 233.305 161 .17~ 29'.116. 
nOD 2'i.Of)() 6e .21l £19.02:; 24.9114 .. 232.'S71 1~5.U~ 76.200 
1400 2'5.01)0 70.063 <sO.460 21'.444 .. 2!! .1\58 1·9.971 23.'12 
1';00 2'5.000 71.7e3 '51.1\'5 (,9.Q4,Q .. 231.t 49 144.11116 21.002 

1",00 25.01'10 7].402 '53.12' 32,''''4 .. 230.1150 138.370 18,900 
not.) 2'5.000 ,. ... 917 5-4.361 34,041'.1 .. 229,1'59 .. 132,6)6 17 .051 
11'100 25,000 76.3&6 55.'54 4 )1'.&,114 .. 229.078 126.91111 IS.lIlJ 
1900 2~.OOO 17 .69J 56.675 39,0". .. 22S.aOS .. 121.28!! D.951 
2000 2'-'.000 r8.9t'!O 57.75e 112 ... ·U .. 227,1'.)9 .. t1S.666 12.6)9 

June 30, 1962; Dec. 31, 1963; June 30, 1971 

POTASSIUM BIFLUORIDE (l<HF2 J {LIQUID} Gr,; , 18.10677 F 2HK 

S298.15 = 31. 731 gibbs/mol .JHf 29S • 15 = -219.066 kcal/mol 

'I'm = 511.95 K lIHm" 1.582 1: 0.003 kca1/mo1 

rd = [7501 K 

Heat of Form.dtion 

The heat of formation is calculated from 'that of the cryst.sl by adding I'lHm· and the difference betlo'cen HSll.95 -

H298.15 for crystal dnd liquid . 

Heat Capacity and Entropy 

Westrum and Pitzer (1) measured high temperature enthd.lpy d.!!l.ta by drop calorimetry in a. narrow range of 510,6-523 2 K 

and derived a constant heat capacity of approx1.me.tely 25 gibbs/mol which is adopted in the 'tabulation. 

A glass transition is assumed at 314 K. Selow 311.j K, the heat cap.!!I.cities lire Assum.ed to be 'the salOO as those of 

the crystal. Between 311.1 )( and the melting point, the Cp is assumed to be the same .ss that of the liquid. 

The entropy is calculated from that of the crystal in a manner si)'!Iilar to the heat of foreation, 

l'1el'ting Data 

See JANAJ' KHF:z (c) table. 

Decomposi tion 

The decompo~ition temperature, Td = 750 K, is calcula.ted as 'the temperature a:t .... hic?-. Il.Gf = 0 for KHf 2(t) .... Kf{c) + Hng). 

At 'rd, the: vapor pY't:ssure of HY(g) 1"eaches one atmospher-e. 

Westrum and Pitzer (J) de"tet'lTlined the decomposition vapor pressures of Kl-fF
2
(c, t) by d. static method. Their data lead 

to the decomposition temperatuN. 700 K when the pressure of Hf 'reaches ane atmosphere. JANAF analyses of their data are 

giv<e.n in l<Hr 2(C} table. Their data over the crystal pha~e. are s\ls,?ec'tecl 'to be high by aPPl'Oximatley 1.1. S\; and 'the aa'!::;" 

over the liquid phase a.re probably in error as indicated hy the third la .... drift (3.9 eu) in the JIWAf ana.lyses. 

Reference 

1. E. f, WestrUln, Jr. and K. S. Pitzer, J. Amer. Chern. Soc. 21:., 1940 (1949). 
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Thionyl Fluoride (SOF 2) 

~J)602 

____ glbbs/mol ____ IIcal/mol 
T. "K CpO S" -(G°-H"D,)/T U"-H?_ 0111" .G~ 

0 eOOO .oeo INFINI TF 3~ 011 - 128~ 817 - 12B.817 
10O 6.4<;15 -.;5 e(>li 77.14Z - 2.2l3 - l29.219 - ~28.284 
let; 11.272 61.1113 67.864 - l.229 - lZQ.to76 - 127.l64 
298 1J~64e 66 ~ 6 B 1 t:.fh681 .ceQ - 130. COO - 125.858 

3l'C 13.686 66.71Z bthbS7 aOZ5 130.0(1'5- - 125.832 
400 15.362 70.«15.-. 67.246 1 .. 483 - 110c 771 - 124.38'3 
500 16.506 74~'5L3 bfl.l52 3.060 - 131.2A5 - in.12'5 

600 17.29:5 71~'5C;6 ""'1.642 4.772 - nt.MO - 120.91'5 
100 17.8'53 80.306 70.916 6.'Hl - 131.941 - \ 19.147 
.oe lB. 25'5 H2. 71 e 72.2<;1& B.))e - 14') .22'4 - 118."H] 
900 18.5'53 $4 .. 886 11.'516- lC.lH - L4'5.1C4 - 1 t!i.247 

1000 18.118 66.853 14.B07 12.')46 - 144.976 - 111.<J36 

llOO l8.9'H ea.b5\ 7';.985 1~ .. '<lI'n - l104~ 844 - 108.641 
lZ~Cl 19.0R7 90 ~')r)6 17.110 15~815 - 144.707 - 10'1.354 
nee 19.\96 91.s3G 18.185 17~H'1 - 144 .. '56<;1 - 102.(11<;1 
1,,"01) 19.284 ·jIJ.264 79.212 1<;967'0 - 1",4.431 - 98.81b 
1'500 19.356 <;14.597 8C'.l91t. ;n ~606 - (44.293 - 9'5.563 

lbOO 19.416 95 ~849 81.13'3 23.544 - 144.1'56 - 92. lit;! 
170::1 19.466 91.0:n 82.03~ 25 ~46Q - 144.<120 - fI"J.OS2 
1800 19.5CB 98.141 f!Z.8'18 21.10)1 - 14;.886 - as.Fl5T 
\900 19.544 99.!q7 8~. 726 2~.390 - 143.7'37 - aZ.634 
2000 19.575 lOO.loe 84.'521 31.346 - 14].629 - 19.421 

21::10 1<;1.602 1e 1.1'5.6 M'5.296 ]3.305 143. ')04 - 7b. Zlb 
2200 19. bZ6 lO2 .. 06l'l 86.:)3a 35.2f;,6 - 143.364 - 73.013 
2300 19.646 1 ~2. 94\ 86.7';4 37.2)0 - 143.766 - 69 .. Bl1 
21000 19.bb4 l'n.116 81 ~"'ft6 39~ 1~5 - 143 0 153 - 66.62'5 
2'500 19.680 104.581 8R.tH. "'1.H,3 - 143 ~O43 - 63.440 

2bOfJ 19.69'" lO5 0 1S3 all.1ot. 43.131 - 142.<;138 be.257 
HOC 19.1C7 t:,)6.0<jb 89.392 45~IO 1 - 14Z.836 - 51.07« 
2800 19. ns lC6 .. S13 QC.r:O(, 47~O71 - 142.138 - '.P •• <;101 
zqOr:: 19.729 lO1."j.I)'j 90,.'.i'B 4'9.(\45 - 142.i:44 '50.133 
)'JOC 19.73B 10B.174 91.166 51.018 - 142.".i51 - 47.".i67 

3100 19.746 108.822 91.121 51.993 - 142.470 - 44.407 
3ZJC 19.754 109.44Q "12 .. 171 ')4.968 - 142 .. 3<"<0 - 41.240 
]loa 19.76l lID.D'57 n.BOl 56. '943 - 142. -l12 - )8.082 
340'1 \9.761 111) .. 647 93.311 53.920 - 142.239 - 34.92) 
3500 19.773 1l1.22C C:;~ .. Sll 6(.8,,7 - 142.171 - 31.768 

lOCO 19.776 llI.177 94.312 62 ~ 6 74 - 142~105 - ZR.6i3 
3100 1<:;1.7!'\) 112.31 q c;l4.7'n 64~ 852 - 142.04'5 - 25.461 
)800 19.788 112.841 95.2'59 66~A31 - 14i.9S7 - 22.310 
3<:;1.,0 19.7<;12 113.361 GI').711 bS .BIO - 141.':)34 - 19.166 
4001") 1'\1.796 113. ell2 <;6. ~ 610 7(.18<;1 - t41.aSl - tb.Ot4 

~ 
4100 19.8/)0 111o.)')l 9b.b('l'! 7'l.76<;1 - 1101.837 - 12.810 
420C 19~ 803 114.618 'H. ':)31) 74.149 - l41.7Q4 9.724 

.... 4300 19.806 II ~ .2<;14 "J.4'?!) 16. HC - 1"01.75,," 6.'l18 

:r 44CO lq. Bi)9 115.149 97.B60 78.7ll - 141 .. 719 3.437 ... 4'500 19.812 116.194 98.263 BC.bQ2 - l41.6e7 .7.94 
!" 

4bOe l'i1.B14 116.63C 9S e 6'57 82.67l - 141.651 ;.64S 
n 4700 BeSll 111.056 9'9 .. 044 84.654 - )41.6)2 5.9gB 
:r 4800 19.819 117.41'3 9'1.424- 86.636 141. &08 9.130 .. ,,"YCO:: 19. a21 L1 7. 8~2 Q'il.7<H 88.b18 - 141.5SQ L2.212 
~ 0;000 l"~.821 U8~2S2 lCO.162 90.600 - 141.573 15.40e 

'" '510e 1'9a825 118.67') lOO.~21 92.'583 - 141.560 18.'541 .. '52:00 19.5Z7 UQ.C6C lOC.S7.,. 9";'056'5 - loIft.550 21.689 
:" 53CO 19a828 11 q ~4J8 1 (11 ~221 Q6.'l4l! - 141.541 24.1'\31 

t:I 
'Slt4)C 1".83C 11 9. aca l 0I.56~ !lao'l31 - 141.538 27 .. Q64 

a '5501 19 0831 120.112 arH.B'H' lCC0514 - 141.535 31.106 

if 5iJ(lC 19 .. 8:33 12C.5JC 102.22(;, lO2.4C!7 - 14l.538 ;4 .. 246 
5700 IQ .. 834 )20.68 l 10?S51 \04.481 - 141.543 37 .. 38) 

<: seeD 1<;.836 III 4226 102.870 10b .. 464 - 141.'54<1 40.525 

~ 5'100 \'1.831 121.565 10.184 108.446 - 141.5';8 43.657 
bOO' 1<;.838 IZl.SqS 103 44<;13 11C .. 432 - 141 .. 571 46.802 

!-> 
z Dec. 31, 1950; Sept. 30, 1965; June 30. 1972 

? 
.t.lI --0 
'I 

"" 

lAo Kp 

INFINIn: 
2Sl].364 
1 ~e .. q5q 

9Z .2~b 

'll1.6M 
&1.960 
53.M3-

44 ~Ob~ 
37.199 
32.392 
27.956 
2444610 

21.565 
l'>41ea 
P.lbl 
15e "'26 
13.92" 

124610 
11.1.052 
10.4210 
9.50'5 
8 .. 619 

7.'n2' 
7.253 
b o b34 
6.067 
505",,6 

Se 065 
4.620 
40706 
3.823 
-;.465 

3.1 :JO 
2.811 
2.522 
2.2105 
1.9810 

1.737 
1.'504 
1.263 
1.0710 

• 815 

.bS6 
.50b 
.3'34 
.111 
.014 

.115 
- .278 

.416 
.'541 

- .. 673 

- • 79~ 
- 0912 
- 1.024 
- to 132 
- 1.236 

- 1 .. 337 
- 1.433 
- 1.'.i21 
- 1 .. 617 
- 1.70'5 

F
2

0S 

THIONYL fLUORIDE (SOr 2) (IDUI.. GAS) Gf"..r :: 86.0602 

Point G~oup C
5 

OHf;; ::: [_129 25) kcal/mol 

5i98.15 66.69 0.1 iihbs/:nol uHfi9S.15 (-130 ~ 25J kca.l/mol 

Ground SLate Qu.l,ntUT.I weight 

Vibrl'ltiona1 Frequencies and Degeneracies 

w, cm-1 -1 
~ 

1330 (1) 377.8 (1) 

aOB.2 (1) 747.0 (l) 

~30,t. (l) 392.5 (ll 

Sand Distance: O-S = Ll.j12 S-F'" 1.565 A 

Bone! Angle: O-S-F:: 106.82- f-S-f = 92.82~ 

Product of the Moments of InCl"'tla: IA!BIC = 1.6550 x 10-114 g3 cm 6 

He.a! __ '2! __ ForJr"d t ion 

The increment in llHf c at 298.15 K between ~a5eous 80f2 and S02f2 is estimated from increments for the four paiI"s 

i!) S ar.d SO, b) SO and S02' c) S02 and S03' and d) SOC1, and S02Cl
2

, Based on 6Hf&:: -181.3 kc~l/rrol :Oar S02F2 '1), we 

derive 4) -116, b) -109, c) -158, and d} -1108 for" dHf" of SOF'!(g). The deZ'iva'ti._on is based on lIHffSOC1 2 , g) from (1.) 

and other values from (,h). Giving lesser:- weight to c) which involves S031 we a.dopt don average of -130!: 2;' kcal/mol. 

Heat C4pilCity and Entropy 

The T.!olecul.a:r structure is from 'the microwave study of ferguson c.~J. ?rincip41 rnomen'ts of inertia Are 1/\ = 9.736 x 

10~39. IB ': 10.039 x 10-39 , dnd Ie: 16.932 x 10- 3 '3 g cm2 • Vibrational frequencies dre those dssigned by Face 4nd 

SdlT!uelson (~) from their ids-phase infNr>ed spectra. These authors also measured Rrund.n spectra of liquid and gas and 

summarized earlier spectral s'tudies, We ddcpt \)1 as the lower wave number of the fcrrr.i :t"'esonance dou.blet 4t 1330 and 

1340 cm-1 • U!lctlrtainty is greatest for the ovet"lapping bdnds nedr 378 dnd 39] em-I. 

Pace and Turnbull (~) derived S~ :: 63.56 .!: 0.15 gibbs/l!!ol for the ide.!!.l ga.s 4t l'b = 228,64 K from cdlorimetric 

me4!:iUrements of heat <:4pacity (12 to 230 K), lIHrr., and IlHv. Spectroscopic data of this table yield t:he corresponding 

val.ue of so. = 63.29 which is 0,27 gibbs/mol sJ:laller than observed. ?ace and Turnbull Attributed the minor discrepancy 

to bias in the rneasure!!ments of oHv. 

~~~ 

1. JANAF TherJl"IOChemical Tables, The Dow Chemical Company, Midla.nd, Mich.j F2 0 2S(g), C1 20 2S{gJ, 03(g), and S(g) da.ted 

June 30, 1971; 0iS(g} dated June 30, 1961; 0aS(g) d~'ted Sept. 30, 1965. 

2. U. S. Nl!ltl. Bur. Std. Tech. Note 270~3. Jan., 1968 • 

3. R. C, Ferguson, J. Amer. Chern. Soc. l§., 850 (1954) 

4.. E. L. Pace and H, V. Samuelson, J. Chern. ?hys. ~. 3682 (1956). 

5. E. L. Pace and 3, f. Turnbull, J. Chen',. Phys. !:l, 1953 (1965), 
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"'l :r • Sulfuryl Fluoride (S02 F2) I 

" ( r dea I Gas) GFW - 102.0596 • .. 
J 
I 

I<caJjmo' r T,"K CpO "a_w_ OW' 6Gf" 

~ , 
0 ,000 .000 tNr'J'4IiE: - 3.216 11Q.?o!lS - tN.2MI 

,'0 d.'S"" '5'5.144 79,354 - 2.11121 .. 18/),0]6 177.0115 
,00 12.335 62.170 69.097 - 1.36'S .. 160.1'69 .. 113. TAr ,., 15. r32 67.761 tH.761 .000 ... tl'lt. ]00 t70~ 173 

,00 1~. 71'.7 67 .!\~I! 1\7.761 ,0:<,9 1151.106 .. 17001011 
40. tI!I.2~7 12,762 1115.4!3 1.1'·0 ... 1!'l2.117 166.293 
.0. 20,Ort) 17,0116 119.720 3,661 .. 182.7]0 162.256 

.00 21.-3 113 -"0.S;'!4 71.2",2 '5.737 .. II'lJ.IOO 15111.123 
700 22.276 !l4.t 119 1'<'.873 7.921 ... ta3,345 ... 151.915 
.00 22.9"0 Ill,. .210 7".11110 10.184 ! Q6 .'571 .. 150,96111 
.00 13.41'4 tl9.946 i"~ .049 12.'];07 196,316 ... 1"".219 

\1)00 23.Hb 92.440 11.5~S l!1I."'1'§ ... 19'6.lbl 1)9'.611 

1100 24.1
'

2 9.t1.730 71jl.023 P".~T6 .. 19").932 t )].970 
1200 2il,.tII3 96.8l1li 1'10.1121 19.701 ... IO~.692 12111, )(It-
1300 2101.61)7 9~.t\06 61,760 22.159 ... 19'5.44'5 122. '4? 
11100 24,764 100.635 1'l3.0a4 24.627 ... t9'5.19'5 .. 1li".UO 
1500 24.fF1I4 102.348 .l!Jil,274 '27.111 194,941 111. '591'1 

1600 25.002 103.90;8 6",110;5 2'.1. ~O~ .. 1911.666 106.047 1'00 25,092' 10'5.47' 66.SS8 3'2. t to .. ! 9A .4lt 100,51 4 

6" 25,169 106,913 61,618 )4.623 194,119 - 94,999 
1900 25.214 100'1,276 e8,727 37. tOb \93,92)" - 69.494 
('000 25.21;/1 109 • .,72 M.137 39.670 !91.~79 - 84,00111 

2100 25,339 110.807 90.11 1 42.202 193.434 - 78,52l'1 
2200 25,3 111 2 111,987 91.651 411.738 19).195 - 73,061 
2300 25,419 113,116 92,560 47,"71'1 192,959 - 6'1',606 
2400 25 .4~2 114.196 93,"39 49 ."~1 .. , 9~. 129 - 62. \60 
2500 25.4t'!2 115.238 094,291 ';2.36" .. ,Q',,)04 - 56.7'6 

2600 25.506 tt6.236 95,11 6 '54.91 A .. 19 2.253 - ~1.29A 
2700 25.'5]1 117.201 95,916 '57.470 .. !9;t,068 - 11'5. Ell'')! 
2800 25.'!i~2 118,130 9/1.69) 60,O,1lI 191,859 - 40,411 
2900 25.5rO 119.0U 91",448 62.51'10 .. 191.11,56 35.06" 
)000 25.587 119.89. 98.1"11 6'5.138 .. 1'H,460 29,670 

310Q 25.6:)] 120.733 98,695 61.~97 .. 191.'67 - 24.21'10 
3200 25.611 121.51116 99.'591 "0.25& 191.0El2 - 11'1,697 
BOO 25.619 12;;.335- 10 0,268 12.6;?1 .. 190.900 - 11.'521 
3400 25.641 123.100 100,918 7'5.384 191),726 1'1, to.6 
3500 25,6'5:1' 123.84& 101,572 77 .13119 .. 190,~57 ?,7aO 

)600 25,M2 121l1.566 10',201 60.514 .. 190.392 2,58'!! 
]700 2~.6T I li'S,270 10;t,S15 83.081 t90,2)4 1.9411 
]600 2Ss6f9 12'!1,9'54 10l • .II15 35.649 .. 190.1)79 13.300 
)900 25.6!H 126,6:H 104,002 88.211 ... ta9,931 18,64] 
111000 25.694 121,212 10 4.515 90,786 ... 189,787 23,994 

4\00 2~.7\1t 12'1' .qO~ 1(\'),13'1' '113.3'>6 ... 'IAQ,6'! 29.3)6 
4200 2~. 707 12!!,526 10'!!,b8a 90;.9,;;. .. 18°.'S1' 34.67'5 
.300 25.711 129.1 )1 106.2'lI 98.497 H19.16J 40.01'5 
4100 25.718 129,722 106.7'52 101,069 189.,59 45.345 
·SOO 25.1:n 130.300 10'1'.269 10).6111 ... lR9, t Je 50.616 

4600 25.716 1]0.865 101,775 t06.,-tl .. 189.021 56.00fi 
4700 25.732 131.419 IMJ,?l3 1011.786 ... I ~~.909 61.330 
4800 25.736 131,960 10e,761 111.360 11'\11.1'99 66.650; 
4900 25.7aO 132,491 109,239 1! 3.9]) ... ,66.69'5 7\ ,970:; 
'SOOO 25.744 133,011 1IH."10 lI6,CiO! - IM.594 77 .290 

5100 25.747 1 13,5:n 110,172 t 19.0R2 1RI'1,496 82.601! 
'5<'00 25. 7~ I 1)4.0;;1 110,6;i15 121,651 leA.lI04 a7.9" 
5300 25.7';" 134.512 111,071 1 14.?32 IPoIl,)t] 93.2'2' 
~HOO 25,757 134.993 It 1,510 126 • .1108 11'1.11.;;27 9~ .S'O:; 
3500 25.7';9 135.466 111.91111 129.383 ... 1,,!J.t4) 103.660 

5f,OO 25,7112 135,9)0 112.366 131.900 ... 16M.COII 1090166 
sraQ 25. T~.o. 136.386 1\ '2, T~:' 131&."'36 ... 1!H,'H,f!, 1111,41, 
5800 25.71'17 t )6.6]' 11301';14 131.112 1,,7.9t O 11 9, 7al 
5900 25,769 137.2711 113.5Q8 139 .... "" ... \!H.R43 125.01c) 
6000 25,711 137.70e 113.996 1.112.106 IAT .176 IlO.ler; 

Dec. 31, 1960; Mar. 31, 1963; June 30. 1971 

IAgKp 

INF!HIH:: 
386.9)0 
189,861 
12A.119 

123. 9 20 
90.6'515 
70.92? 

57.!>96 
d.OS4 
41.242 
3~.278 
30.512 

26.61 7 
:?~. )75 
20. 6 35 
16.2119 
16.2'59 

1.11.48'5 
12. 9n 
11. 5 )4 
10.29il 
9.180 

15.17) 
r .25e 
6. A211 
5. 6 60 
11.959 

1I.31? 
3. 1 14 
3.159 
2.6111) 
2.161 

1. 7 12 
1.29 1 
.895 
.S:?" 
.174 

- .157 
.469 
.16~ - 1.045 . l.ll1 

1.')6' 
1. 604 
2. 0 34 
2.252 
2. 4 61 

1. 6 61 
2.65l 
J.035 - 3.2tO 
3.31& 

3.5110 
3.69'5 
3. 1\11'5 
3.988 
•• 127 

4,260 
11.)",9 

A.514 
4.6]3 
4.749 

SULfURYL FUlORIDE (SOZF
Z

) (IDEAL GAS) Gf" ~ 102.0'95 F 202S 

Poin.t Group '-2 V' ilHfO :: -179.3 2 kcal/r.\Ol 

Si98.15 67,76 0.1 gibbs/rnol llHf298.lS -181.3!: 2 kcal/mol 

Gl'Ound State QUM'tUll! Weight:: [1] 

Vibrational Frequencies a."l.d De.&<;n.,?J.:<I,~i~~ 
-1 -1 
~ ~ 

1269 {l) 1502 (1) 

648 (1) 553 (1) 

544 (1) 885 (1) 

38'1 {l) 539 (1) 

388 (1) 

Bond Dist03nce: 5-0 :: 1.405 0.003 A S-f ::: 1. 530 0.003 

Bond Angle: O-S-O = 123.97! 0,:20 0 f-S-f::: 96.12 0.17· a = 1 

Product of 'the Moments of Inertia: IAIBIC:: 4.4894 x 10-114 g3 cm6 

Hea.t: of Formation 

Ruh, DaV'is dIld Allswede (1) repo!"ted percent conversions for the reaction S02(g) + C1
2
(g) + 2Hf(g) ... 50 2 F2 Cg) + 2HC1(g) 

dt 110 to 700"C and lit pressures slightly above atmospheric. The da'ta allow ca.lculation of applH'ent values of Kp from 

the assumption of exact s<:oichicmetr'Y. 1".-0 tempera1:ures may be excluded, namely 110·C fo::-- failure to approach equilibrium 

and 59i"C due to power failure. The remaining values (S03 to 973 K) yield (lHr-(3rd law) " ~24.l5 :!: 2 and 11i1::,C(2nd law} 

-20.7 t 1.6 kcal/mol at 298.15 K. The third-law values show d minor trend ~ith temperat.ure, corresponding "to 

{lSro(2nd law) - <lSr~(3rd Idw) = 5,4 ~ 2.5 gibbs/mol, bu't this inconsistency is small enough to suggest that: theY'€: was 

reasonable approach to equiJ ibriutn. An eX8Jllple giV'€:n in the text of the patent <]) !'eveals that the actual recovery of 

S02 lola:> somewhat less "than that predicted on the assumption of s'toichioraetry. Use of this actual recovery of $01 would 

m.ake uHrO(31."'d law) more negative by less than 0.4 kcal/mol. We adopt ~Hro :: -24.15 kcal/mol and tlHf' = -181.3 ~ 2 

kC41/mol at 298.15 K. 

Reese, Dibeler and Frd11klin C.V derived L\H!o :: -205 kcsl/mol from electron-impact studies. They measuI"ed potelltials 

of 1Z.44 ! 0.1 dnd 19.9 :!: 0.3 eV fer the appear<'l.n.ce of S02+ from 50 1 and S0212' respectively. Combination of thes~ values 

implies that uHf' of 5° 2: 2 should be at-.out 1.0 eV more nega't"iV'e 'tha.n the adopted value. Th1.s discrepancy could reasonably 

arise frot'! neglect of the unknown excess energies of the products of the two :('eactions. Bond-ener-gy compat'isons tend. to 

confirm this view. Average values of D(S-F) may be calculated from !lHr~/2 fo):"' Sf6 ... Sf4 "" :IF and S02f2 - 2F. 

D(S-F) ;; 72 kcal/mol from SfS is much more consistent with D(S-F) = 74 kcal/mol from the adopted "Hf" than DCS-r) " 

85 KC~1.1/mol from the electron-impact value. 

Heat Capacity and Entropy 

Bond lengths and bond angles at"e from the r.icrowave study of Lide, Mann a...'1d fristrom (3). The resulting O-S-F angle 

is 108.3~ and the principalcoments of inerti.!! a"e I
A

:: 16.345 x 10-39 , IB ':: 16.571 x 1O-39-and IC = 16,574 x 10- 39 g crr,2 

A."'1 e.4rly electr-on-diffI'4ction st:udy (!!) is in reasonable agreement. 

Vibrational frequencies are those assigned by Lice, !1a.nn and COlT',efON (~) bdsed on additional and infrared 

data for the g4seous and matrix-isolat:ed phases. Assignment' of the three fundamentals near 54Et 

388 cm-1 is supported by gas-phase Rall' . .s.n spectra (.§.), by combination and overtones in the infrdred (§) 

calculations <.:~). 

Cdlcu1at"ed v<llues of Cp~ agree within 0.1\ with those derived by Gehri (!!) from mea.surements of Cp at temperatures of 

273 to 323 ::<: and pressures up 'to 1 a"em, The calculated entropy, 50 :: 63.25 gibbs/mol at the nor-mal boiling point of 

217.78 K, may be compared l.Jith 62.66 t 0.15 gibbs/mtll de:rived f['oll\ l<Yd-tempcT'a;tu-re calcrine.tric data by Boc}<hoff, ?etrella 

d.fld Pa.ce (.V. The discrepa.ncy is 0.59 gibbs/mol; it was at:tribu<:cd (j!) to randOmtl.tl6S in "the solid at absoll1"te zero, 

Bockhoff and Pa.ce (.!.Q) later reported an entropy discrepancy of 1.48 gibbs/rnol, but this val\le resulted from .!!n incorrect 

vibrational a.ssignment (2-2) 

Referenceo. 

1. R. P. Ruh, R. A. Davis and K. A. A11swcdc, U. S. Pa"tent" 3,092,459, June 1<,1953. 

2. R, M. Ree.ae, V. H. Dibeler a.nd J. L. franklin, J. Chern, Phys. 11., B80 (19511). 

3. D. R. L.ide, D. t. l1an.'l nnd R. 11. Fl"'istro:n, J. Chern. Phys. li. 734 (1957) . 

1<. D. P. Stevenson and H. Russell, J. Amer. Chem. Soc. g, 3264 (1939). 

5. D. R. Lide, D. ::. Mann and J. J. COll'.eford, Spect:rochim. Ac'ta :U:, 497 (lS(5). 

6. H. V. Samuelson, Dissert:ation Abstr. ~J_. !443 (1966). 

7, H. 'I'oyu}(i .:tl1d K. Shimizu, Bull. Chem. Soc. Jap<ln ll, 236 11 (1956). 

S. D. C. Ge"hri, Disser"tation Abstr'. ~, 133 (1968). 

9. r. J. Bockhoff, R. V. ?e"trella and E. L. Pace, J, Chern. Phys, 2],799 (1950), 

10, ;' J. Bockhoff 4Ild E. 1. Pace, J. Chern. Phys. l§., 3502 (1961). 
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Tungsten Oxytetrafluoride (WOF4) 

I 

(:c~rY" s tea I GFW • 275.843 

____ gibbsJmol ___ _ 

T. "K Cp" so -{G~-J.l°D.)rr 

• 100 , .. ... 31.926 42.000 42.000 

---------k~j~I--------_ 

tr'-H"_ .~ 6.GF 

.000 .. 1l~.259 .. ltO.Z60 

LogKp 

227,126 

J_o_~t ____ H.I.QQQ _____ 4'.JIJJ'_8 _____ ~2.1. QQJ _______ -,_O_~9 ____ ~_~~~J 1~~~ ___ "' __ l.t<!.'l.Q.!! ~ ___ n~..lIJ_OL 
liDO )6.000 51.951 43.)04 3,1159", 1l!50.330 .. 301.513 lU.'/']9 
500 19,800 60.410 45.896 r,25'" ]]4.1il .. 293.195 12e.t55 . " , .. 
'0. 
.00 

lOaD 

1/12, roo 
U.600 
45.900 
416.800 
iT .]00 

67.9)1 
H.670 
eo. '15 
66.117 
91.1J'7 

43.95 • 
52.1 ~6 
55.35. 
5S."e! 
61.502 

11.390 
1'.160 
20.268 
24.'''17 
29.635 

.. )]2.632 

.. 3)0.91' 

.. 329.210 

.. l'27.:Hz 

.. 325.502 

.. 285.115 

.. 277 .)'59 

.. 260.822 

.. 262,50'1' 

.. 255./100 

June 30, J.962; lier. 31, 1967; Dec. 31, 1971 

tOl.au 
86.595 
73.712 
63,1"11' 
55,1118 

--, 

F
4

0W 

TUNGSTEN OXYTETRAfLUORTDE (WOf I<) ( CRYSTAL) Grw 275.843 

6HfO Unknown. 

s· 298 ltJ 42 0 '! o gibbs/mol tl.Hf;9S.lS ::: -333.26 15.00 kcal/mol 

'I'm 379 K 

Heat: of ForlTldtion 

The hedt .of formation, 

less the heat of sublirr.ation, 

from the VdpOr' pressure equation 

kca1/mol. 

Heat Capacity aJld £r:tropv 

ilEm~ 1.20 ~ 1.00 kcal/mol 

,c> = -333.25 kcal/mol, is cdlculac:ed from the !lea.t of for:lla'tion of WOf4fg) 

16.S0 kcal/mol. This latter quan'ti'ty :is calcula:ted by the third-law ml:'thod 

by Cady and Hargredlles (1:.). Th~ second-law value is ilHs 296 ;::, 16.94 

The h<!at capaci'ties arc estimated from those of WOC1
4
(c), WOJ(e), W0

2
{d, WCI

5
(,..:), and WF

6
{c, t) (~.l. 

The en'tropy, 5;98 ::; 112.0 gibbs/mol is c;:leulutec from tr,,'! vapor pI'essure equation of Cady ilnd Hd!'gredves (1) 

l,lsing it second lilW clnillysis. 

This en'tropy is larger t:han the corrcspondin£ villue for- WOCl[! (e) (1). In both cases 'the entropies of thte condensed 

phd.ses <ll'"'te derivtad frorr. gas phase lIalues Llsing secend law analysi~ of sublimation aod vaporization data. The entropy 

of mel ting for W'OCl ll is an order of l'l',agn.:i:tude larg~r than that of war4 . This suggests some inconsisr:ency in ene ddtd 

foI' WOC1 4 since dll values fat' WOfI.J.(c
J 

t, g} <lppear internally reasondble. 

Mdj:ing Datil 

Tm is cdlculi)ted dS tht: temperature tit which the Gibbs energy of I'eaction WOf4 (c) ... WOf4 {t) approaches zero. The 

differene(e between the hedts of fOrmd.tlon fo::- the crystal and liquid at the melting point is ~tim<O. 

Ruff, [isner, and Heller (1) rep0T'ted the melting point as 383 K. Cddy and Hargreaves (.!) calcula'te:d the melting 

point as 378 K, and the heat of fusio:1 as 2.26 kcallr.101 from vapor p!,essu!'~ equdtiono for the crystal and liquid. This 

<:iecond IdlW' value of LlHm e , when corpect:ed fo"(' IlCp of v<'IIporizdrion dnd Sl..lblir.'!dtioll, is in gooa .s,greement with t.>Je v~llle 

adapted in this table. 

Refere.nccs 

1. G. H. Cady a.nd G. 3. HI!r'grcaves, J. Chern. Soc. (London) 1961, 1563 (l96U. 

2. JA..\lAf Thermoche:nica1 Tables: WOC1 4 (c), March 31,1967; WC1 6 (c), December' 31,1966; Wf6 (e), March 31,1967; 

W0 2 (c), Septerr,ber 30,1966; W0 3 (c), September )0,1966. 

3. O. Ruff, F. tisne'[', and W. Heller, Z. Anorg. Chern. g, 256 (1907). 
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Tungsten Oxytetrafluoride (WOF 4 ) 

(L i qu i d) GFW - 275.843 

----iObWmol---- ~"C3Ill/mol 

T, "K Cp' S" -(GO-H"nl)(f W-H~l'N &ur 'Gr Leo Kp 

0 
1.0 ,0' 
'" .u.soo 42.600 42.800 .000 .. 33'5,838 .. )10.077 227.293 

~1!1~: :: i1~~~%~ ~ ~~~ ii ~iii ~:~ ~ t:~~:~,::::: :;!;u:: ::~ :}}l~ U! ~~ ~~: i~t:=!t}::: :!Ii !1;~: .. , 43.$00 13.221 51.:H7 130130 .. 3l0.Ul .. 286.15- lO'sill 
10' 43.500 79'.927 54.954 17.480 .. lZ8,8JJ .. 278.891 87.075 .. , ",),500 IJS.71S 5&.447 21.tl30 '"' 3:U.247 271.US 74.27) 

••• 4l.500 90.&'59 61.769 26.180 .. 325.696 265.0.5 64~ 362 
1000 "l.500 95.442 64,911 ;)0,530 .. 324 t l&5 .. 2SS.3e& 56.471 

TIJNGSTEN OXYTETRAFLUORIDE (WOF It) (LIQUID) GFW ~ 275.8" F 4 OW 

S29B.lt> 1.!2.8 1.0 gibbS/TOOl t.Hfi98.J5 -335.614 ~ 15.00 kedl/mol 

Tm 379 K t.Em~ .20! 1.00 kc~l!tr,ol 

Tb 460 K ~HvO 13.41 2.00 kcalll!iol 

Heat of FOnTI4tion 

The he4t. of formd.tion, ClHfi9S(WOF4, ,f.) :: -335.84 Kcal/mol is ca.lculated ·from 'that of the gas less the heat of 

vaporization, oHv;9a ::: 16.38 kc&l/r..ol. This latter value was calculdted by t:he rhiI'd law method from the vapor 

p=,cssur-e equation deterr.'lined by Cady d.nd Hargr-caves (~). The second law value is ':'Hvi96 = 10.50 kc.t.l/mol. 

Heat Capacity dnd Entropy 

The hea.'t cdpaci'ty is dssumed to be. constant c!.t 7.25 gibbs/g-atom as suggested by Kubaschewski ~nd Evens (1). The 

entropy, Si98 ~ 42.S gibbs/mol is calculated by '" second law analysis of the vapor pressure equation given by Cady 

and Hargreaves (~) for the system WO:I.l(O ... WOf4 (g). 

Melting Dcl.ta 

See WOF4 {c} table (~). 

Vaporization Data 

To is calculated as. 'the tCl:\per.!!.'ture at which the Gibbs energy of reaction WOf4 (t) -+ WCf,,(g} approaches zero. The 

difference between the heats of formation for the liquid and g.s!:i ..."t the boiling point is 6Hv o • 

Ruff. EisneI' and Helle:- (2f) reported the boiling po~nt of WOf4 (t) as 459 K. Cady ..."nd Mdrgre4ves <.~) calcula.ted 

the boiling point.5s 459 K, and 'the heat of vaporization as 14.23 kCfl/mol frorr. 'the vapor p!'essure equation [or 'the 

liquid. This second law value of ClHv~ I when corrected for uCp of vaporiz.atio:1, is in good agreement with the value 

.5dopted in the tabulation. 

References 

1. G. H, Cady and G. B. Hdrgr€dVeS, J, Chern. Soc. (!..cmdon) 1961, 1563 (l96U. 

2. 0, Kubaschewski and E. L. Evans, "Metallurgical TherMOchemistry," Pergamon Press, New York., 1958. 

3. JANAF Thermochemical 'rabIes: WOF4 (c), 12-31-71. 

4, O. Ruff, r. Eisner, and W. Zeller, Z. Anorg. Chern. i1.. 256 (1907). 
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Tungsten Oxytetrafluoride (WOF 4 ) 

( I dea I Gas) GFW ~ 275.843 

~---afbI»/mol--- kaiJJmol----_ 
T. "K 

o 
10' , .. ,,, 

CpO S' -tGO-W ... )(f H"-W_ &Ht' 

,000 
12.oA6) 
11:1.6H 
26:!,90¥ 

,000 
60.9'23 
71.b71'1 
19,96 9 

INF"POTr.: 
97.?92 
tH.9H 
79.969 

4.603 
3,63' 
1'.052 

.000 

AGI" 

317.616 
.. 314,197 

309.570 
.. ]04.161 

.... Kp 

l"'fI~IT[ 
OIH!o.677 
3)8.28) 
223.1i1l i 

]00 22.9'10 80.11t 19,96'1l ,042" 319,403 .. 30*,691 221.967 

.}~~- ~. ~;~~~-:- -- --~i;Ui--~ -~E:~~~{· --~ ---~;~~g ---~--i-:-:-;}f6- -~ ~~H~~~~i~ ----;~~~~H~ 

.00 
700 

"'. 00' 
,000 

II 00 
1200 
1300 
1400 
1500 

1 bno 
,7(1) 
,,,00 
1900 
,OOV 

2100 
2200 
2300 
211100 
2500 

2601} 
2700 
211f'!O 
2900 
'\1.)00 

3)00 
,I;?OO 
HOO 
,,,,1')0 
l!:>OO 

)600 
HOC 
1800 
1900 
11000 

(j 100 
1J.200 
.1300 
1l41'lLi 
1J.500 

"bOO 
.. roo 
In~no 

1.1900 
..,000 

51 00 
5200 
!i)00 
5,,00 
5S00 

'ibOU 
<;700 
.. ~OO 
"i9'OO 
.... 000 

28,ot!2 
7Y.36'i1 
2o,l.dbT 
lO.25r,; 
)\J.5H 

JO,7!iil/ 
30.9(1) 
)j ,030 
~1.n2 
Jl.'?i> 

jl.;;o~4 

.'1.3 4 1 
31.H9 
~ 1,")0.1 
31.465 

j 1.1l9~ 

31.521 
31,544 
)1.'!:>,.,4 
JI.5a2 

H.SIJ& 
31.6}2 
J! .62' 
\t .63t. 
31.647 

)),&:'e-
31.66~ 

31.6 1 2 
31.619 
31.68b 

ll,692 
31,697 
31,702 
31.107 
3 I, 7n 

31. 71 ~ 
.l1.7IY 
H,722 
31."b 
31.729 

31..731. 
31.7311 
31.73f 
l! .r3Y 
31.741 

H.14J 
J1.714') 
H.7'!7 
H.749 
31. 7 ')0 

31. 7~2 
11, 7~3 
11.755 
JI.r56 
H.7,)7 

9~ .20~ 
102.6T6 
lOb.6)Q 
11 0.117 
ItJ • .HlO 

116, )00 
11 11, 9f1;:> 
121,<161 
123.76110 
1250.91" 

127 .932 
129,Bj!'l 
131,O?1 
13:) • .321 
134 • .,,311 

IH,4r() 
lJ1.9)b 
139.338 
~ 40. e,S 1 
HI! .'170 

)48 • .,,2 
111<,1. rr7 
l'!!-O. fS? 
1')1,691' 
152.6]6 

1'53 • .,Q" 
15.111,37 7 
15~.222 
15b.01l6 
1 ')6.AQ8 

157.b)1 
ISR. )96 
1'.19,1401: 
1';9.IHI 
)60.5614 

1 6 1,21\2 
'''1.'1614 
16 2,6]2 
163.28 1 
16.1. 'ol'28 

164 ,~';7 
16').173 
16'),718 
16(>.371 
If>6.Y5Q 

I t,1 .~26 
If>S.QdS 
16a.tJ4U 
I09.I<!l3 
11'19,71 1 

1114.921 
~7.! 4,) 
1:19. 33 PI 
91.460 
<'/3.495 

9'::1.II]f 
9 r, 2~9 
99 .O~.f! 

100,736 
102.345 

10).81:12 
10';1,3'5) 
ivo,76l 
lOb,1 tr 
10'sl.4111 

llu.6'O 
tt 1. 6 T6 
11).040 
11"1.164 
115.;oSO 

1I0,302 
11 1 ,321 
llb.J09 
11'>1.<,('17 
120. t 98 

121.10J 
t?t .9~Q 
12;(.8 4 1 
123.Mb 
124.490 

12'),? fl l 
120.056 
120.8jQ 
127 ,SS] 
1l8.2'6 

12d.91\2 
lZ .... bl3 
1 ]O.3'l0 
1'\1.0!] 
131.662 

1J2.29f\ 
! 32.922 
1 )J.!))A 

1 )4.IJ~ 
1311.n4 

135-.30 3 
IJ~,tHl 
i.)b,AlO 
1Jo.979 
IH,S19 

1]1:1.0';10 
1)~,V2 

13'11 .Ol'l~ 
, 3<;".3 9 1 
140.0!:I\l 

1.910 
In.S72 
13.83' 
' .... 84'5 
19.68'5 

;;0;;>,94 9 

2 .... 0J2 
2901 ,,9 
)2.23 7 
1 ..... 35~ 

).<iq.4a O 

41,611 
(44,741' 
1)7.151\8 
'l1.O]3 

5".181 
5,1.132 
61).485 
6'.61111 
6 ..... '9H 

fl9.957 
73.11 6 
}'~.2l!-O 

79.4113 
117.607 

8'::>.172 
8A,938 
9? 01 oS 
9';. ~1'2 
9>1.4111 

,01,61 0 
iOll, ,.,9 
101,911,9 

111.12° 
i 14.290 

t 17,462 
Il'n.63J 
1?3.806 
, ... ~, 978 
DOdS! 

, H.324 
1) .... 1197 
139,670 
14:;1,6411 
!t;!\.016 

14 Q .t 92 
1'5." ,J6i' 
1~' ,')'12 
1.,11.116 
\til.59l 

165.066 
\(-,'1,2.2 
111,111

' ,,'/1,')9) 
I'l1.768 

.. 3)8.20;6 
'"' 3tll.O'('6 
.. 311.B90 

317 .124 
31 r .512 

.. 3\ T ,1iI]5 

.. 3P.3l2 
'" ]I',;::JOi> 
.. 317,11 1 
... B7.037 

... 31<'1,91'9 

.. 31 ~ .919 
316,914 
311'1,907 
316,920 

.. 316,9119 
- llT,OOO 
- 317.0S3 

)1' .209 
311.163 

.. JI7.613 
.. 317 .910 

Jt~ .279 
3te.n~ 
319.271 

.. 311,1,932 
.. 329,0116 
.. 329,15'1 

)29,211\ 
.. 3,9.401 

... 329.5J1 
.. 32 Q .6b6 
.. 329 .6011 

],1,1.951 
.. 33 0 010\ 

.. lJl).255 
)]0.(111 
330.581 

~ .B(J. r52 
.. 330,9(7 

.. J31,108 
331.?92 
331.481 
3H.611 
3)1.8111 

))2.079 
312.7.8& 
lP.1499 

.. 332.716 
~ 5?6. 1'1'12 

'" 289.926 
.. 2i!1"5.0S2 
.. 280.210 
'" H5,lB9 
... 270.59) 

... 26!1,8tl! 

.. 261.05
' .. 2,}6.3t1 

.. 2S1.!le& 
'" 246.e63 

,.. 242.15S 
... :nr,&'52 
.. "'J2.'61 
.. 225,071 
.. 221.364 

.. 218.'00 

.. 2\4.030 
... 209.3!10 

204.613 
199.999 

.. 19'!!.nO 

.. 190.6J9 

.. 1&5.958 
161.272 
176.58'5 

! TI ~890 
.. ib7ol84 

l62.1169 
157.7)9 
)';2. 9 93 

148.2)) 
.. ,G3.406 
.. 138.3"') 
- 133.369 
~ 126.3112 

.. 123.315 

.. 116.283 

.. 113.24) 
108,21 Q 

t 0).1 72 

98 o12~ 
.. 91.0r'S 

"a.o.,o 
.. 62.968 

17 ,9,0 

.. 72.&';iI 

.. 61'.1'62 
62.109 
'51.1>66 
'j2.56 4 

.... H.463 
"2.402 
37.312 
32,2'13 

.. 25.0.5 

June 30, 1952; Mltr. 31, 1967; Dec. 31, 1971 

10S.60~ 
A8.997 
76.550 
"6.674 
~9.1JB 

52.ell 
&11.5"5 
,,).090 
39.274 
35.96i!! 

)),017 
30,527 
2S.l6t 
26,234 
24.410 

22.76 ! 
21.262 
19.69] 
115.6)8 
17.1.114" 

16,415 
15.4]1 
l.!l.~J'5 

13.661 
12.e64 

12.1 J6 
11. lite, 
10,760 
,0.139 
9,5S3 

8.999 
15.471 
7.959 
7.Q74 
l,On' 

6.57) 
o.15'S 
5.156 
'S,H'S 
5,Ot 1 

4.662 
4.32" 
4.00e 
3. rOI 
3,405 

).122 
l.B49 
2.566 
2.3l.! 
2.°89 

1.&5) 
1.626 
1.'06 
1.194 

.912: 

TUNGSTEN' OXYTETRAFLUORIDE (\<IOf ~ ) (TDF.AL GAS) Gf\I 0 "'.843 F 40W 

Point Group r C .. v J tlHfO:: -317.62 15.00 kcal!11lo1 

S298.lS :: 79.97 l.OO gibbs/mol lIHfis8.1S -319.46! 15.00 kcal/mol 

Ground S"td.te Qu.mt:um Weight t 1 J 

Vibra'tional frequencies a.nd Degener<'!lcies 

-1 w, Clf.-- -1 
~ ~ 

1055 (1) 620 (1) 700 (2l 
(300) (1) (300 1 (-l) 56O (2) 

735 {l} { '(00] (l) [2501 (2) 

Bond Distance w-O ;; (1.64] W-F:: (1.82] A 

Bond Angle: O-W-f:: {90"] F_W_f '" [90' 1 (4) 

Product of Moment of Inertia: I,!I,1a1c [3,1909J x lO-1l3 g
J c:m 6 

Heat of F"ormation 

The heat of tormatior:, ilHf 298 .1S (worl/.' g) '" _319.46 kcal/mol, was calculated from the heat of reaction data of 

2mbov, Uy, dnd /1.<i.!'grave (1). This data call1t" from a "!lass spectr'ometric study of thc equilibrium in the l."'eaction: 

2TdfS (g) 4- w03(c) 2'faOf
3
(g)" WOf

4
(g). 

Heat Capacity and entropy 

The infrared spectra of \<IOFIj and MoOr4 in the vapor state are very sill'.ilal' {l. 1, ,::) .s..11d have been interpreted on 

'the basis of <\ l1:Iono:neric uni1: with Ct.v syrrolltetry (,.?> by comparison with the spectrum of XeOFt.(§). Thus, dB with XeOF4 

and MoOf4 • g,,-seous wort., is assumed to be C
4v 

sy:n:netry with a square-pyr,,-midal structure. 

Blanchard f§.I dnd Reynes (1:Q} repartee: the following vibra'tion41 dssignll'lcnt5 and frequencies, 'the Q fl'eQuency 

being Adopted in this tabulation: 

VI l064(R), l05S(Q), l047(P); \)7 705(R)} 700(Q), 59Q(P}; 

"'8 :: 560 cm- l 

\)3 745(:0, 735(Q), 720(P)j 

Similar frequencies, as well as additioMl fr-equencics, have been repor'ted by Ward ",nd S'taffol"'d (:!). Edwards et al. (~), 

and Edwards and Jones (.2,). The remaining frequencies and assignr.".cn"ts a.re estirr.ated with ['egaI'd 'to the preceding 

references, thc data for XeOFIJ (.§), and results for' MoOf4 ',I'. 
There exists soJ:\c con'tt'ov~rsy as to the cY"ystdllogrtlphic struc'tUI'e of WOf

4
. Beattie et 01.1. (!!) sugges't fluorine

bY"idged te'tl':'all'.er-s as in MoOr l, (~) ra'ther tnan an oxygen-bridged st!'1)ctl.lI'e as suggested by Edwards dnd, Jones (?). This 

leads to significantly dift"erent bond lengths for W_f ~Jld hi-D. Due "to the gi1:lild.rities in the melt", Solid, and v&por 

pn4se infrared. spec'tra of MoOF4 and wor4 , one woul.d suspect similar str-uctures (2., !). The asslJt'lption is made that the 

s"tructUI'eS are sirnilar and t!r1)S the bond lengths a.re ta.ken to be the same .as those of MoOf
li

• rurther support for the 

bond length assurr.ption is th~ similarity of bend lengths in 11003 and \0103 and in Mofe; and WfG (1). 

~ 
l. K. 

'. A. ,. A. 

B. 

r. 2mbov, o. M. Uy, and J. L. Margrave, J. Phys. Chem. 2l.. 3008 (1969L 

J. Edwat'ds and G. R. Jones, J. Chp.m. Soc. {London) Al96~, 2014 (1968). 

J. EdWdrds, G. R. Jones, and E. R. Steventon, Chell'.. Comm. 195'!, 462. 

G. Ward dod r. E. Stafford, J. rnorg. Chern. 2, 2S69 (l968). 

5. S. B1Ancha.rd, Commissariat a l'Energie Atomique Rep. CrA-R 319", (1.967) (C.A. n, 48663d) • 

6. G. M. Begun, \01. A. Flct'cner, and D. :. Smith, J. Chem. PhY5. !!l~ 2235 096!». 

7. JANAF Ther-Iteche::lical Tables: M<;lOf4 (g), June 30,1970; Mo0
3

(g), June 30, 1968j WOJ(g), September 30,1966; 

MoF6 (g), June 30, 1970; wrs(g}, March 31,1967. 

8. 1. R. Beat'tie, R. M. S. Livingston, D. J, Reynolds, and G. A. Ozin, J. Che:'!l. Soc. (London) Al970, 1210 (1970). 

9, A, J. Edwards and B. R. Stevenson, J. Che!l'.. Soc. (London) Al968, 2503 (1968). 

10. J. Reynes, Cornrr.issariat a l'Energie Atomique, Bibliographic CEA-3IB-143 (1969). 
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Potassium Hydroxide (KOH) 

I) GFW - 56.10937 

_____ gjbbs/mol ___ ~ ----- kcallmol----~ 

T. "K CpO SO' -(GO-W3lI8)rr UO-K":IM ""I" !lGf" 

,onl,! .000 INri ~ I TE. 2.907 \('10.675 _ 100.675 
100 c.l"lv 0,,702 31.IIJ ?S41 IOl,4119 97,b79 
200 1.::,11<1(.0 I" .1:115 70,2b'l - ! ,490 101.60 7 Y<I.19Q 

'98 D.':dU 16.1:159 11:1. e~\I ,000 IOj .510 90 .5~7 

,00 1~.·DtI 113 .9~'j 114.86u ,029 101.507 <'O,1ol99 
'00 1/.!30 2J.tlJ6 !9,487 I.MO IOI,FlY) 60.7i1T 
500 lY,U2U 27.&56 70.721 ),1.165 \01,"'>1<6 bO',997 

Log Kp 

lNrINi IE 

213."'15 
10",936 

60.JI17 

6~. 9?fI 
47.396 
]6.778 

_~Q~ ___ J2-,_11_0y ____ ll!!.QI:!2. ___ :n_._~y_b __ ____ ~.!~2L ___ ~ ___ 9_9_._1./_.! __ : __ !~.!2!! ______ ~h~~2 
lOO la,eO", 36.979 ?4.U9 8.711 ~ 99.111<,1 .. 7b.279 2J.bl" 
.00 10,1'01.) ]9.ilt.\'01 "6.175 10.651 - 9X,7j] !J.uel 1,>,.\1"4 
900 10,"OU I01.lO) 77.7S0 12.531 - 91'.32" 69.1'.1'5" 16,<;63 

Il,aC lo.M)L; 43.684 29 ~2l] ttl.lttl 91.9402 M).111 l.o,,':>t'I{) 

1100 1!:l,SOu .as.4T6 ]O.M;f) 16.29! 1 H.ltol 02.SA:; 1t'."34 
1200 Itl.-'lo(. 47.112 ~ j .96'J tl'!.PI 11'),f'69 Sr.TOfl 10."\0 
1300 10,1'10(; Q~,bJ6 33.1 iii 3 <'O.O'lt 11 'i. 307 52,8M 1:I.I:IQl 
\4030 10,60 (, 50.010 '>,I·.3.a~ 21.9B l1il.1jJ - 108.10) 1,':>09 
1500 lo,tlOu '51.307 ~'J.II 33 23.611 - 11'1.168 43.363 e.JIIl 

Dec. 31, 1961; M4r. 31, 1962; June 30, 1962; Mal'. 31, 195G; .Dec. 31, 1970 
'------

POTAsslUM HYDROXIDE (KO!n ( CRYSTAL) Gn; ~ 56.10937 HKO 

S;98.15:: 13.86 1: 0.20 gibbs/col 

T t: :: S16°K 

To ::; 579°K 

oHfO " ~100. 7 ± 0.1 kcal/mol 

lIF-fisB.Is:: -101.5 0.1 ](cal/mol 

iI.qt:· 1. 51.; 0.15 kcal/!lJ.ol 

C!.Hm~ 2.06!: 0.15 kcal/mol 

lIHs;98.lS(to m0l".cme!') 1\5.9 '":. 3.0 kc.al/TI',ol 

OHsi98.l5Cto cimed 46.6 ~ 3.0 kcal/mol 

Heat of Formation 

The heat of formation of J(OH{c) is obtained from i'ts heat Df solution in wil"tcr, the heat of hydrolysis of metallic potassium, 

and appr-opriate auxiliary data. 

Resr,e'tnikov (1) de'termine6 calorimetrically 'the heat: of solution of KOiHd in GSC 

this -:--esult with heat of dilution data foi' KOH reported by Parker <.~). WE: derive 

-13.665 :t 0.C09 l<c.allmol. Combini.ng 

c) ::: -13. 77 ~ 0.01 kcal/rnol. 

The heat: of hydrolysis of me'ta.llic potassium ha£ been determined by vd!'ious invest:igators <'~-..?). The data are s'..lm:uariz.ed 

bel.ow for the ~a:::t:ion 

K(c) '" (n '" UH 20(O + KOH'nH 20';' 0.5 H2 {g)· 

Investl,gator 

Gunn and Green (~, lQ) 

Hesser at a1. (~) 

Ktltchen and Wallace (2,) 

r.'loles of H
2
Q 

*Bascd on lIHf
298 

(H
2
0, t) -68,.315 ked/mol (2). 

uHr2'3B 

kcallmo1._ 

_4ti.958.!:O,022 

_1<7. 02 ~o .15 

-1.;.6.89 to.24 

t.Ef
2S6

(KOH(= H
2
0»). 

kcal./mol 

-115.273.",0.022 

-115.34 !O.15 

-115.21 ~O.24 

DP.f
29S

(KOH, c> 
I<ca.l/mol __ 

-101. 50:=0.02 

-.t01.ShO.IS 

-101. iJ4.!:O. 25 

The values of lIHf
298 

(KOH, c) given in the last column are ca.lculated from uHf 298 (KOH,"" H20) and the heat of solution of 

KOH(c) at infinit:", dilution giv~n abov$. The llcopt:ed value fot' uHf 298 (KO!l, c) is from the work of Gunn and G~en (ie, 1£). 
Earlier investigat:ions pertaining to the determination of llHfi98 (KOH, c) ha.ve been reviewed by Bichowsky and Rossini (2) 

dI1d Hesser et: 031, (.::) and are only of historical in1:erest. 

Heat: Cdpi'lcity and Entr'Qpy 

The 10\001 temp{!,'('(I.'ture. heat capacities for KO'H.{c} in the tempe.X'at.u't'C range 20-2SS°\( -:ire from the ')."'Ccgr.t work of Stull et al. (~}. 

These data contain a brodd 1;J,m.bdd 'type tt·ansltior. with i1 he8.'t capacity peak at 2?7.5~K. Powers and Blalock (1,) measured high 

'temperature er:.thalpy da.td. for KOH(c) in both the Q and ~ phdSCS in a Bunsen ice calorimeter. Their enthalpy d",ta are scattered 

and not precise e:-.ol.1gh to accurately define th.e heat capacit.i.es for' the a. phase. Therefor<.::, the selt:c'ted hea"t ca~aciit'es bet .. een 

298 0 d.nd 5lSor:; a.1"e estimated by graphical extrapolation of the low telllperatuM! heat capacity data. Heat capa.cities for 'the ~ 

phase are froll: Powers a.. .. "ld Blalock (~). 

S;SB.15 is calculated from the smoothed Cp datil <'.Ind is based on an extrapolation of Sio :: O.lZ9 gibbs/mol. 

Transition and Meltio,K Data 

Several value" for the heat of the a-~ trans'i.1:ion a.nd 'the heat of melting of KOH have been reported in the litera.ture. These 

aata are summarized below. 

uPt Mitn 

Investigator Method '!'t~K kcal/U:(ll Ttr-~K kcal/mol 

Powers and Blalock: (i) C41ot'imetric 522 1.31.46 573 2.244 

Seward and Martin (1,Q) freezing Poin t '83 1. 830 

Kelley (11) freezing Poin t 533 1. 980 

Reshetnikov and 'BaI:'anskaya (~) Thermograpnic 515 1.540!:0.15 679 1. 980~O .15 

lidurice (l.!~) freezing Point 51-" 578 2.13 to.O? 

The selected values fran: the work of Rcshetnikov a.nd BilranskaYd (.!1) ilnd Maurice (.!l)· 

Heat: of Sublimation 

LI!iS
298 

for' the monomer and dime.~ arc calculated from 'the selected hea.ts of vapo~ization and the heat of melting at 298.15·1<. 

See XOH{g) t;,lble for details. 
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Potassium Hydroxide (KOH) 

(Liquid) GFW ~ 56.10937 

JOO 
,00 

'00 

1 ~. 0"'3 <3.0d5 

7.3.201;1 
2t1,<.;n 
]3.3'5'1 

?).ne:, ,aDo 

.037 
2.023 
~. 0'..i9 

98.644 !:I8.960 6'>.1'10 

911.633 1;16,900 
9'l.6tlJ 15'),63' 
9 i1 .13:' ... 62.4)5 

_ '!.Q~ ____ J.?' .JM') _____ lh ~r~ ____ 2!:JJJI_3 _______ ~!. ~~~ ___ : ___ 9-,-._f>_o...~ ___ ~ __ I'!..1)~_I: _ _____ 2_~~ ~Q.l 
700 I 'J. 1)"3 .. 0.(137 71\.63:> 7' .9b2 .. QF .OT? ~ 76.343 23,835 
tlOll 1'1,1;1/,) 1I2.o90 }'1,2;>9 9.90'" 96.S,)<J" 73.419 20,1,)57 
'>'00 l",fI('J 'l5.0:?9 31.71l6 11.9'::1'5 Q";.O)A 70.5511 \7.1) .. 

i\J(H) 111,86) 47.12':' 33.1RI U.Q<il m 9">."iQ5 ... or,7S] \'1,007 

113,0/9 03,97 J I? 7t 0 
Ill.:?d\) ~9.iI"'7 IO,a2\! 
112.'592 5'5.00l Y.?<l? 
111.911 50.59!"! ?6Q6 
111.21olJ '16.239 0,731 

-------------------
1600 ,..8<').1 <;6.45.::1 40.790 ?'i.A')9 11 [). ') f'~ t.il.92/\ 5.'?' 
1700 .... flf,J "'7,662 <I! .21j2 27.1j4S 10<,1,<;12':1 J7,6".'I '1.e41 

~.tI(d "8.797 II???" ZQ.AJ! 109. ~f>U J3 ...... ', 4.W<;" 
~. &"-'3 59.d7! 43. 12:' _~ 1 .1'1\ 8 101l.6'1<:' 2 .... 2?9 :L 362 
~, tl6..1 DC ,t!90 'I3,9t\d 33.Ii04 lUI1.01~ 2? .1It'-~ 2.' J9 

Dec. 31, 1961; liar. 31, 1962; Sept". 30, 1962; Mar. 31, 1966; Dec. E, 1970 

POTASSIUM HYDROXIDE (KOB) ( LIQUID) GfW :: 56.10937 HKO 

5i98.15 23.08 0.50 gibbs/mol c.Hf29S.15 -98.61.!4 O.S kcal/mol 

Tm:: 679°:( 8Hm~ 2.06! 0.15 kcal/mol 

Tb(-to monomer') 1595"K JHv~(tc monomer-) 34.1 kcallmol 

Heat of forfficlt"ion' 

Th~ heat of forra~t:ion of KGH( 0 at 298,15°K io; obtained from that of the crystal by adding lIHm and t:he difference 

bet:ween Hp9-H298 for -::he cryst:al and liquid. 

Heat: Capacity and Entropy 

Th~ heat" capacity of the liquid phase is obtained from the high temperature ~nthi'l,lpy m-easurements of Powers and 

Blalock (1). The constd.nt Cp is extrapola.ted below the melting point and up to 1000 0 K, 

Si98.15 is obt~ined in "(1 ffiiJ.nncr analogolls 'to that: of the heat of form~tion. 

Mel'tir,g Da:ta 

See KQH(c) table for details. 

Vaporization Data 

Tb is calculated ilS the 'temperature at which the free energies of f01:"'rn,l.tlon of KOHCt) and KOH{g) a.re equal. The 

difference in the heats of form<ltion of KC11(O d.nd Keli-itg) at the boiling point is the heat of vaporiza'tion. If K2 (OI-D 2 (g) 

is also considered a minor' component in thl< vapor mixtuN Capproximd'tely 2% of the total vapor pressure at the boiling point) 

the ccllculated boiling poin t is unchanged. 

"drtt!llbt:rg dnd Albrecht (~) reported 11 boiling point of l597QK for KOH from static vdPor pI'essu.!'e medSUrei"lents, while 

very :reccn-rly Dubois ;",nd Hillet (1) cie1.ermined u boiling point of lS'10~K from transpiration vapor' pressure meaSUl'eme:,ts. 

References 

L W. D. Powers and G. C. Blaloc.\ Oak Rir.lge Narl. Ldb., ORNL 1553, Contract No. W-7405, ,:anua:ry, 195'1, 
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3. J. [)-.Jbois d.'l.d J. Millet, Compt, Rend., 269, 1336 (1959). 

HKO 

c... 
". 
Z 
l> 
"TI 

.... 
:::c 
m 
:u 
3: o n 
:::c 
m 
~ 
n 
l> .... 
.... 
". 
1:113 .... m 
~ 
.... 
-0 ..... 
,jIoo. 

en 
c:: 
-a 
-a .... 
m 
3: 
m 
Z .... 

,&::0. 
W ..... 



Potassium Hydroxide (KOHl 

( I dea I Gas) GFW - 56. 10937 

T. 'K 

o 
IOu 
'00 
'" 
lOO 
,00 

'00 
'00 
100 
000 
900 

1000 

1100 
1200 
130u 
1(;00 
1500 

161)0 
1'00 
11100 
1900 
2\lOC 

7100 
noo 
2300 
2!lc()O 
2500 

'('tOO 
:;>700 
2000 
?900 
j000 

3100 
3200 
3300 
34VO 
J50(J 

3600 
J70(J 
)6()O 

HUO 
I4()UO 

41{)(J 

IJ;:>OO 
4300 
11400 
1.1500 

4o!\OO 
U70(1 

4600 
11'>'00 
'juan 

-:'\:,){} 
'::0200 
'';)00 
5400 
"ISOO 

,}6QO 

'5700 
5300 
59tlO 
6000 

----glbb!lfmol---_ 
CpO s· -(GO-W ... J(f 

,onu 
( ,87 .. 

Iv.l.l39 
11. 5Q~ 

11. I')! 3 
l",Ut> 
12.Q07 

l~. 0;705 
1~.1 !? 
1 i. f\J~ 
\.:.,959 
1,,0"3 

,000 
4'5. ':>9 
o;~.052 
56. ~ 69 

56.541 
'jQ.'Y62 

<!'.>r.703 

liC.9.1l1 
60.930 
66.63:' 
70.1'54 
71.526 

Iillnlil!f( 
li5.MfI 
57,'HIO 
., .... llh9 

'51't.Af,'" 
<;6.932 
"1,1'22 

'i8,~30 

'59.851 
liO • .fi45 
"'1.796 
62. y02 

_____ k.(aljmol, ____ _ 

W-Wue 

? 730 
2.017 
L.O\lO 

.000 

,0;>1 
i .212: 
?,1I40 

3.690 
,.955 
6.732 
7.51'2 
11.81'4 

til ... 

5'1,568 
?'>.i'"1I5 
5';.)51 
'),)."00 

'5">.60'::1 
S .... I,J)O 
5".660 

5 .... 1164 
57.0:':' 
'J7,242 
'5' .427 
,)7.6 t~ 

'Gt" 

- S,4.5f!l' 
.. '::15.44/1 

5'5.!37 
'::15.1';>0 

5,>.872 
.. 5').e1" 

0;'5.634 

'j'5.40" 
- '::1501'S! 

511,6611 
54.5')9 
54.2)0 

Log Kp 

Ir-.F"JNJ 1£ 
121,lel 

60,901) 
40.Y5 4 

40.703 
)0,491', 

21.1,JlI.i 

20,1113 
17,21 9 
111·,9119 
13,24 9 
11 ,b5? 

IJ,?07 n.719 "'l,~6" 10.139 7f...72] "52.~SIl to.50? 
!J,n7 73.'1133 64.3lY 11.465 7 .... "tl':i :"0.669 Y.232 
1.$,411;,,: 7'5,004 f..'!l.15~ l2.801l 7 .... 644 - 48,S?" 6,l~)!~ 
1J,5"'1 76.00~ 1,".89, 14.154 7 ..... 600 ... 46.31'14 7.d8 
1J.6"''' 76.9Q3 6" .... 01 1"1.514 7 .... "155 44.705 6.1i41 

- -- ------- -- - -- ---- --- - --- --- --- -- -- ---- -- - -- -- - --- ----- ~ ---- - --- --- -----

I" .lOb 
\11,162 
1" ,21;'-
1".?57 
11l.29Y 

1".331'1 
14,371 
111,403 
1<1,1.137 

1".115" 

jll,41\,3 

1.11 .~I')b 

14 .~'l 
1".,)41 
1" .5n~ 

1".'51'2 
I01,5 Q 7 
1'1,01;. 
1 .. ,6::'0;, 
1".6.lb 

~ " • I) ';>IJ 

l".6"'1 
14,fi71 
1". ~1'l1 
1" .69v 

14.6"'1< 
1".10' 
1".71'> 
1".772 
1'1,17'>' 

71./!'27 
7a,66) 
79,456 
RO.210 
~O.92Q 

fll.tllt. 
"2.274 
62.900 
R3.510 
IHi,093 

e .. ,l'i54 
'"15.196 
1'15.719 
"!'I.;n~ 
fib. lIS 

A7.190 
f11,6S0 
"'B ,090 
P.6.'DO 
~I'I .9~2' 

"9.363 
139.763 
90.1'52' 
90,'H2 
90.902 

91.26£1 
91,617 
91.962' 
9?,300 
Q?630 

92,953 
93.26">1 
Q),57/! 
Q)./j82 
911.179 

QlI. .q,7 \ 
9/,1.757 
9';.0:;8 
95.)111 
9,}.5~5 

95.B51 
"6.112 
"6.],0,11 

91) .621 
96.670 

67.;HS 
"'7.920 
1,!<."J'i 
",9.1JiI 
1',9.106 

70.;C5 1 

70.7tHI 
71,301 
7t ,791:1 
7',2 7 1:1 

7';.74] 
73, IQ/! 
73.!'I3<! 
74,f1')1j 
1<1 • .a12 

74.87' 
7~,266 
75.6i.1o 
7"'.0:n 

7"'.3"" 
71'1,739 
77 ,01;6 
77 .42:' 
77,756 
7B.{l8u 

76.397 
7~. 70e 
79,012 
79 • .HI.' 
79.6 0 2 

7<; .1189 
1'10.171) 
~O .41l? 
An.na 
AO.'-i8ij 

'" \. "2l1.b 
AI.'5 0 ) 
'31. 7"~ 
A2,OO" 
~2 .2,,6 

~2. loey 
R2.776 
A",959 
~J.lfHI 
1)3,.1114 

16.ACl4 1'-'.":110 
tA.?63 1 .... 1l63 
19.6':10 l .... ·tt' 
;:>l.O(;"'; 7'-'.373 
2"2.Uto& - 7":>d2'>1 

23.1354 
2'5.26/\ 
26 .~a6 
2!1.110 
29.538 

30,9'0 
30'.140'> 
33."1411 
)').2("1') 

36.130 

JI! .117 
39.6;?6 
,q.07F\ 
4:?532 
41.967 

IiS.Ol45 
4n. QU 4 

1.18.1,,4 
49.A26 
"5 t • :?~9 

52.!';'I 

54.219 
55.6111) 
51.153 
'55.62;:0 

60.092 
61.50? 
63.033 
61.1.505 
6'5. 9 f1' 

61.1>'.)1 
6A.Y:?.; 
70.Jt.>9 
71. fl74 
1" 3. J ~9 

74,""'') 
7f.,30;:: 
71.779 
'9.2':>6 
60.731.1 

71'>.?8r 
76.1'51 
7t'1.·n7 
16011'18 
'6.160 

7"'014H 
7 .... 140 
'7' .... lllv 
11',.\'I1j 

76.166 

76. \90 
16."1.37 
7f,.?92 
''',362 
7I'),(l4/j 

7" ,"i5" 7 ... ",7 
71),823 
7".993 
77.t9U 

77,·(1I6 
77,"710 
." ,966 
7>1,;:'90 

7/}.661oi 

19.0e'.! 
lQ' .'.)4'>1 
",0,062 
RrJ.A29 
81.?';1 

IH ,C}):!, 

.. 87.l'Il~ 

6).'HY 
.f\4.3401 
~"J. 2BU 

" .... ::'78 
fH .))e 

.. .'1 11 ,46.) 

~9 .61j~ 

90.f192 

.. ":1',050 
H.fl98 
37,749 

.. 35,I)O? 

.. ).\.'1"'7 

- 31.31· 
2'>1.17) 

- 21.0)'; 
... 24.~9" 

... 22.762 

20.6?' 
lI:l.4~9 

.. t6. J~S 
li.I.2ll\ 
1?OA3 

9.94') 
7.807 
5.07(1 
3.530 
1.31'\6 

.762 
2.910 
').063 .. 
7.219 ... 
9.H1 

11.549 
13.7"22 
15.903 .. 
18 .087 .. 
Zil.28J 

22 ,4P-a .. 
,4.701 
26.9,.., 
Z9.!'jQ ... 
.n ,!1O::, ... 

):;.&"'''' 
)5.'>I3A 
)I'I,<,,,Q ... 
40.S2A .. 
4"2,tI"l0 

.. <j.lfjA '" 

1.17.544 
49,<,I?1 -
;'2.31Q 
54,7313 

Mal"'. 31, 1962 i June 30, 1952; Md.r-. 31, 1965 i Dec. 31, 1970 

'5,74 4 
~. 12 9 
4,51\3 
4.09~ 

3.b'j6 

J .259 
2.698 
7.:'1'>'>' 
2.2(,7 
1.99r. 

1. 7 n 
1.49 7 
1.77 7 

l.ll71 
,t!AO 

,101 
.533 
.37') 
.n! 
.ull! 

,046 
.In' 
.291 
• 1J05 
.':)\3 

• ~ Ir
.114 
.I"IO~ 

,b',ll'> 

,91l? 

1. 7 ,.,4 
1.1l,)] 

1.t!fll 
1 ,'dO; 
1.'191.1 

POTASSIUM HYDROXIDE (KOH) (IDtAL GAS) GFW ~ 56.10937 HKO 

Po:int Group C""" liHfO =- -54.6 3.0 kcal/mol 

3298.15 [56.47 0.30J gibbs/mol 11Hf29S.15 _55.5 3.0 kca.l/mol 

Gr01).nd State Quantum W>!!!igh't =- 1 

Vibrational Frequencies and Degene'!'4cies 
1 
~ 

40B 0) 

(3ltO) (2) 

[)510) (1) 

Bond Dist:ance: K-O 2,18!: 0.01 A O-H:: (0.97 ~ O.osJ A 

Bond Angle: K-O-H::: 160· v :: 1 

Rot:a"tional Constarlt: BO:: 0.27989 crn- 1 

Heat of FOrnlilt"ion 

Mass spectrometric s"tudies (]'-2) of the eq:,tilibrium gases over' pure KOI-!(c, 0 and mixed KOH-NaOH condensed phases have 

unequivOC'o.'!Illy identifie.d the vapor species as monomer and dimer in the tempera.ture range 600-700·K. Absolute partial pI'eS5Ures 

for KOH(g) and K
2

(OH)1(g) have been det"erm.i.ned from peak intensity data by Porter 8Jld. Schoonmaker (1) a.nd Gusarov And Gorokhov C1P. 
These data al'e analyzed by t:he third L'!w method with JANAF free energy fUnctions (.§l in order to evaluate a heat of cimerization 

29S o K, The adopted value is loE 298 :: -45.J "!: 3.0 kcal/mol for the reaction 2KOH.(g) 

Vapor pressures fOr liquid KOH ho.'lve been determined by static {l4113-15000K} (1) and transpiration (873-l323-K) (~) methods. 

In o!'der to evaluate b.Hvi98 (KOH, (.), we hav\! used ~ trial and err-or variation of llHvigB for the monomer and dimeI', such 'that 

thebe values are in 4ccordar.ce with the adopted heat of dimeri.zo.'!Ition given above, and the su~ 0: the calculated partial pressures 

for KOH(g) and K
2

COH)2(g) is in good o.'!Igrecment with the expe:-imcntal V<1pOI' pressure dat,," Since the dimer "to monomer ratio 

decreases with increaSing tcmperaturo, more weight is given 'to the static data of Wat'tenberg a..""1d Albrecht (2). The. selected 

values are: Mlv
29S 

(to =nomcr) :: \;J.O "!: 3.0 kcal/mol 4.fld 6BV;ge (to dimeI') " 1<0.8 ! 3.0 Kcallmol. From these I'esults we derive 

lIHf 298 (KOH, g) :: -5.,.5 ! 3.0 kca1/mol with ~Hf298(KOH, t) :: -98.6~!: 0.':'0 kcal!mol <&). This value is adopted here and when 

used in combination with thE: heat of dimerization results in b...l.ffi98 (K/ OE)2' g) :: -156.5 ! 3.0 kcal/mol. 

The bond dissociation energies of the alkali me'tal hydroxides ha.ve been deter-ll'lined by several worker'S from fl.sme studies 

(~-l.V o!Ll1d by o.ass spectrOn",etry (11)· The data for KOH are 3urnmari7.ed below. 

Investi.Ra.tor 

Smi th 411d Sugden (~) 

Jensen dIld Padley (lQ) 

Cotton and Jenkins (lJ,) 

GOl"'okhov ot a1. (11) 

_ Method 

flame 

rlaJ:le 

flame 
Mass Spec. 

Rea.ction: CA) K(g) -+ H
2
0Cg) :. KOH(g) oj. H{g) 

Reaction 

A 

l.IHri9S J XCi'll/mol 

3rd Law 

36.4 

32.5 

DOCK-Oli) 

kcal/mol 

86 

62 t 2 

86! 2 

80 !'; 3 

Our adopted hed.t of formdtion for KOH(g) leads "to 65_4 ~ 3.0 kcal/mol, which is in reasonable agree.ment: with 'the results 

of "the flume studies (l-.hV J particularly ... hen one the difficulties inherent in "this method . 

Heat Capacity and En"tropv 

Kuczkowski et a1. (1].) observed the microwdve spectra of gaseous KOH and in"terpreted tr,e results in terms of a linear 

geometry. Very ':::'cccnt1y, microwa.ve studies of gaseous CsO!! (lJ-la) and RbOH (lltb) • .along witt', infrared spectra of !f.e:trix-i~ola:t.e.d 

csot"! (lSa), RbOH (lSb), and NaOf! (ill) hav(! been reported and interpreted in terms of linear structures for all these molecules. 

We adopt a linear configuration for KOH(g) J along with the bond. distances determined by Kuczkowski et al. (ll) from their 

microwave studies. 

Acquista and Abramowitz (15b) attempt:ed t:o measure the infrar-ed spectruF.l. of ma.trix-isolated rr.ono!neric KOH but obser-ved. 

bands which could only be ascribd.ble to polymeric species. Spin~r a!1d Margrave Cl.§) investigated ~~e infrared spectI"'W:"l of the 

equilibrium gases over liquid KOH at temperatures up "to lOaOQK. AIl. absorption bd.l"ld ~t: 408 !: 10 cm ~ was assigned to the K-OM 

s"tretching by these workers, and this assignment: is adopted here. The doubly d.egener,,-t:e bending 41ld O-H stretching fr-equencies 

are estima.tes taken from the recent work of Jcnsen (]2). The principal lTIOI":I.ant of inertia is 10.001 x 10-
39 

g ern
2

• 
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Potassium Hydroxide Unipositive Ion 

( [dea I Gas) GFW . 55.1088 

~-. --glbbsJmol---_ kca.lJmol 
T, 'K CpO S" -(GQ-HgSllI){f H"'-H~DII ."!" 

0 , .. 
200 ... tl.626 59 ~ 80 • S9.80' .000 119.000 

,,0 tt.!l3! 'H'.en 'n.eo, ,022 U9.00~ IO. 12.277 630 350 60.21& 1.UO 118.694 , .. 12.501 66.111 61.1'1'6 2.810 118.913 

60. 12.617 68.410 62.1 96 !~ '2! U',2" ro. 12.761 70.3(;8 63.227 11.999 tt9.!UI' .0. 12.811' '1'2.080 64.229 6.281 tl9.900 ••• 12.99) 73.603 6!!o.l !IT T .575 120.216 
1000 13.111 1A,ena 66.099 a.seo 120.52' 

HOC \3.231 16.2U 66.064 10.101 tOl.919 
1200 t 3. :'9 17.390 67.785 t 1.526 1.02.456 
tlOO D.tU 7S.IIU 68.566 12.866 102.996 
1100 13.568 1f.'loU 69.309 !l1.218 103.538 
1500 13.668 80.&0& 70,017 15.'580 t04,082 

1600 O,T60 lit .2l!19 70.695 16.951 104.62' 
trOO D.Bl5 82.126 71.)4) s8.)H t05.169 
1800 J ).922 82.9:19 71,964 S9.120 105.?U 
191)0 13.99) 83.67, 72.560 2101 16 106.2~6 
201)0 14.056 8A.3'U 73.134 22.518 1.06. )!9S 

2iOO tfI.UT n.OSl 73.687 23.927 10'l".H7 
2200 111.171 85.7)9 7',220 25.)4112 ,07,8Tl 
2300 111.220 86.310 71i,71S 26.761 t08.A03 
:2101) 14.2eS 86.976 75.212 28.185 108.9]0 
2500 14. lOS 87.559 1,. Tt4 29.61 4 109.u9 

2600 14.343 I!I8.Ut 76.180 3t.OU 109 .. 963 
2700 14,317 88.66] 16,632 32.U2 110.4170 
2eoO U.1I0! 1"'.136 77.011 31.922 110.967 
2900 t4.4J1 89.6'92 n,49! 35.364 111.1156 
)000 iIi •• 5' 90.182 7T .913 35.809 1 t1 .936 

11 00 14.4SS 90.051' 7!.HO 38.257 t n.IIIO] 
3200 I III. 511 910117 18.709 39.701 112,659 
3300 1 11 ,5032 91.564 79.092 '1.159 ttl.)02 
]tOO 14,551 91.998 19.&65 429613 tl3,129' 
3500 1&,569 92.&20 19.829 64,069 11f1.140 

3600 1'.5U 92.8lt eO.tS! .5.527 11&,513 
]700 1111.(1)1 9),2Jt SO.532 116.986 11·.90'5 
]800 1 4 .616 9).620 80.S71 ,e._U1 t 15.257 
]900 \4.630 94.000 81.20) 49,90 9 tt5.56111 
4000 1 4 ,0'2 94,371 81.528 51.373 tt5.8181\ 

~ 4100 1 4 .65' "'-,733 81.845 52.1138 1160155 
4200 14.666 11'5.086 82.156 54.3G4 us.], .. ... '300 111.677 95.11131 82.461 55.711 116.600 

". 4400 14.6S7 9S.769 82.760 5'1'.239 i 16.766 

~ 1500 1 4 .696 90.099 B3.052 58&708 nfl.1!I90 

n 4600 14.106 96,1122 B).3110 60.1T9 t 16.911 
s100 14.715 96,1)8 9),621 61.649 117.007 ". 4eoO 1/1.723 97,OU, 8).69! 63&121 116.992 .. 

l! 4900 14.131 9T .352 84.169 611.594 116.922 
5000 1".7]9 9'1" ,619 U.&36 66.067 116.197 ... 5100 10.747 97.91.11 64.&98 61'.5&2 116.613 

~ 3200 10 8 '5' 98.228 80.935 69.011 116.]69 
5100 \4.762 98.509 85.208 70.492 i 16.06] 

C 5000 10.769 !Ie. res 85.45T 7t .969 U'5.69] 
g 5500 to.1'T6 99.0'6 B5.1'02 73.U6 t 1'5.259 

P 5600 14 ,782 99,322 85.943 701.920 114,160 
5100 14,789 99.584 8601 8 0 76.10] 1140199 

< HOD 14. "ge 99 •• "! 86.'13 77.882 U).,7l 

~ 3900 ".802 100,OU 86.643 79.362 112.888 
6000 14.609 100.343 86.869 &0.8A2 112.U2 

.!" 
z Dec. 31, 1971 

!> 

~ 

-0 
"'I 

"" 

(KOH+) 

dGf" Log K. 

t16.2U - 8S.21Z 

t 16.231 · el,61t 
US.37'S · 6].0]15 
114.513 · SO.05' 

1 tl.5U · 41,:in 
112.622 · ]50.162 
i 11 ,605 · 10.189 
110.550 · 26.US 
109.459 · 23.922 

1°'.)62 · 21.7215 
110.016 · 20.0]1 
t to,623 · 18.597 
111.190 · 17.35(1 
i 1\.719 · 16.271 

t 12.209 130.321 
112.666 · 111.1Ie. 
n).091 · B.TH 
113.656 · 13.05' 
111t853 12.041 

114.193 11.88' 
UA,50T · 11.lT5 
1.14,796 · 10.908 
1 \S.Oll" · 10.4T! 
115.306 · 10.060 

t t5.533 · 9. Ttl 
115.1350 · 9.lU 
115.921 9,O4l!.1 
116.092 · !.149 
116.242 · !.U! 

116.]T8 · 15.205 
116.500 · T.n1 
11 6 ,605 · 1.722 
116.697 · T ~ 501 
116.119 · 1.292 

1l6 t 851 · 1.09' 
116.909 6.905 
116.959 6.121 
1l6.99!!i 6.556 
117.030 6.]94 

11'1'.056 · 6.2iO 
U'l',CTIt · 6.092 
tiT .091 · 3.951 
117 .09B 5.8t6 
l1T.10'5 · ".681 

117.110 · 3.5&4 
1170113 · 5.046 
117.117 · 5.3)2 
11'1'.119 · 5.22' 
11'1'0119 · 5.119 

tiT.I]$ · 5.020 
111.1U · 4 .. '123 
lt1.163 0..831 
1110182 4.143 
It'1'.214 · *.636 

11 7 .233 4.516 
11'1'.]02 · 4.4915 
117.)6) · '.421 
11'.436- · 4.l50 
u 7 .5:lt 4,261 

POTASSIUM HYDROX10r: UNIPOSITIVr: ION (KOH~) (IDEAL GA.S) Grw :: 55,10BS 

Point Group (C ........ ] uHf~ 1113 10 kC41/mol 

S298.15 (59.8 2J gibbs/mol uHf298.15 :: 119 !: 10 kca1imol 

Electronic Levels and QU4n'tum Wei-.&b_,!§ 

State 
t
i

• cm-l g. 

'n 
2rT [32000) 

Vib:-<1tional Freguencies and D~generdcics 

-1 
~ 

[3B] (1) 

t 300J ('2) 

(36001 (1) 

Bond Distance: K-O:: [2.20J A O-H:: [1.03J A 

Bond Angle: Na-O-H (180J- 0- :: 1 

Rot~tionBl Cans'tan~: BO r 0.27367] cm- 1 

Heat of formation 

Porter and Schoon.\':laker (1:) obtained an appear"nce potential curve near threshold for KOP." which ext.f'apo14tes to 

7.8 eV at zero ion current. They presented evidence IoIhich indicated 'that a IdI"ge fraction of KOH'" W6S for'med by 

dissociative ioni.z4tion of the dimeI'. In a later study, these sa.me workers (1) rejected their earlier rc:s;ults, since 

it was found that the presence of magnesid in their cell had reduced the activity of the hydroxide. GusdI"ovand 

G',orokhov c.§.J in d sitlildI' mass spectrometric study of the eV3por4tion product's of KOH h4VC shown that KOEf. is fO!'med 

primarily from d!rect ioniZation of the hydroxide. Very recently, Gnrokhov e!: al. (.:.) reported the dPpea!'a~ce 

p~'tl::!ntial of KOH fr'om KQH as 7.5 :t 0.2 cV. We a.dopt this result as aBr O for the process: .. KOH(g) .... KOrt (g) -j. 2e 

Sl.nce it is consistent with the expected lllode of ionizdtiOfl.. This value leads to lIHfOCKOH , g) ;: 118 ! 10 kcal/m.ol 

when used in conjunction with !lHfOU<OH, g) = -54.'0 ! 3.0 kcal/mol (~). 

Hea.t C.!1pacity and Entropy + 

The configurcttion of KOH is predicted to be linear' by Widsh (6), since it has seven valence c.1ectJ:'ons. The 

same corr-eldtion predicts tha.t the unpair~d electt'on is in a pi orbital, thUS, the ground s"ta"te of KOH+ is 2 11 . A 

first excited state is estimated i).t 32000 cn- l to be 2! by analogy with "the isoelectronic molecules QH <.?,) and 

SH (.§.). The vibrl!.t:londl frequencies are estimdted from those for KG:! with somewhat lower values to account for the 

effect of weaker bonding predicted for the posltive ion. Similarly, the K-C and O-H bond. distanCes are increased 

slightly over those for KOH. 

The e~thalpy at 0 K i6 -2.811 kca.l!~ol. 
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Lithium Hydroxide (LiOH) 

(Crysta I ) GFW - 23.9464 

jo!ibbs/mOl---~ kca.l/mol----~ 

T. "K CpO S" -(G~-H"ISI.)rr tr-H"3N .:AUf" IIGI" .... Kp 

o 
100 
,00 ". 
,00 00. ,,0 

.000 
3.'5{)Q 
6.599 

_ t 1. ~"i3 

1I. A9J 
n.Br') 
I ~. 21 .. 

.000 
?01l6 
6.I?b 

10.1'3'5 

10,]08 
,*,O?oII 
17 .:?TI 

t,*r-P·PE 
I II .4]6 
\1.:n9 
\('1,:))11 

11'1.'35 
10.728 
11.'1'\9 

.. 1.77'2 

.. 1.6)9 

.. t,n'1 
.noo 

.022 
1.3t9' 
i'.776 

600 Ib.30t' 20,14) 1?8118 III,J'B 
_~QQ ____ J!.Jl.1_5 _____ Z"-t-~~Q ____ J_II_.)J] _______ ~~~g __ 

1'100 IS. lAS 25.096 1<;.3J9 7 .... /'16 
900 j!'.O ... O ;<>7.:?A9 H,'541 9,66R 

100019,911,,9.311 111,"?5 11.1)17 

1100 
1200 
1300 
111(10 

1500 

ZO.749 
?l,5 1 6 
'22.396 
23.211 
24.022 

31.:,>76 
33.11 9 
311.1';19 
l/' •• 5""S 
~I'I. 191 

1 .... fI~9 
IO.9~1 

'1.0"'0 
27, pH' 
:23,126 

\3 .... .,0 
! '5. 7~6 
11.96"i 
?O.'1I5 
<'2.607 

Dec. 31, 19S0; Mar. 3l, 

11 a.HS 
11').1'30 
1 1';.701 
115.900 

1111. ~11'l 
I. 11 ,97(') 
10A.I)OIl 
1011.9,0 

11~.902 IOol.a'B 
11"',929 .. ,01.161 
11"-.';05 91.'00 

!NF'I~ITE 
244 ~ 109 
lU~'5A1 

1'6. 9 0e 

16,385 
')').'Z'I':? 
42,'.5 r 4 

1 !"i.il6R .. 93.570 :U.033 

~- -:+~:-~-~~- --~--~~~i{~-- -- --H~~~~ 
115.&91 S:? ';0) t 9.91!16 
!l~.()05 ~ )"JII,640 t7.l131 

tl ll • 4 42 
n '.80~ 
113.093 
IP.30~ 
11 t. 'II~ 

1').030 
71.075 
67,917 
611.')3'.5 
61.lOS? 

1'~ 907 
iJ.OP'· 
11,4';!8 
10.0711 
8. 9 10 

LITHIUM HYDROXIDE (LiOR) ( CRYSTAL) GN ~ 23.,.54 HLiO 

:lHf~ -114.5!: 0.1 kcal/llIo1 

S291LlS ::; 10.23 .!: 0.05 gibbs/mol lIHf298 IS " -115.9 .!: 0.1 kca.l/mo~ 

'I'm = 744.3 K ilHmQ 4. 99 ~ o. OS kcal/mol 

ilHe;298 lS(to monomer) 59.9 ~ 1.5 kcal/mol 

!lHsi 9 B .15 ('to dimer) 61. B B. 0 kcal/mol 

Heat of rormation 

The heat of formation of crystalline LioH is determined from calorimetric studies on the heat of hydrolysis of metallic 

lithiUlTI and the hedt of solution of the hyd.roxide in water. 

Reshet.nikov CJ) determined tr,e heat of solution of LiOH{c) in 400 H20 as -5.479 !' 0.007 kcal/mcl. Combining this result 

with heat of dilution da:ta for LioH tabulated hy Parker (~), we dedve uH;oln{LiOH, c) ::: -5.632 .!: 0.020 kcal/mol, which is 

essr:;ntLally the vahle 'N!cornmended by Parker (1). l..cwer values by some &00-650 cal/mol for the heat of solution of LiOiHc) are 

summarized by Pa::-ke1' (1). The discI'epancy in these v41ues probably arises from carbonate and water impurities in the LiOH 

samples. Since 'their presence would tend to reduce the heat of solution, we adopt the higher results of Reshetnikov (],). 

Gunn anu Green (l.<!. )£} and. Messer et a!. (.=!) measured the heat of hydrolysis of me!:allic lithium. Their results for the 

reaction 

Li(e) '" (n"'l) H
2

0 ->- LiOH·n H
2
0'" O. S H2 (g) 

are summarized below. 

Investig'!t:o'Z" 

Gunn and Green (~, 1.£) 
Hesser et al. (~) 

Moles of Hj!Q 

1000 

70 

Dilution data from Parker (?l 

M1h 29S '" 

kcalhnol 

-S3.:tlO'!:O.040 

-53. 05 ~O. 20 

Eased on uI1fi9S(H20. 0 ::: -68.315 kcal/mol (2). 

or.f2n (LiOH<t> H
2
0)'" 

kedl/mol 

-121.525!:O.040 

-121. 37 =0.20 

6Hf;9S(LiOH, c) 

kcal/mol 

-US.99hO.OSO 

-115.714 !:O.20 

Combination of the .lIif 29S (LiOHUl H
2
0) value5 with the hea.t of solut'ion of LiOH(c) given a.bove results in the values for 

cJ given in 'the last column. The adopted value is fro1:\ the :.Jork of Gunn and Green (~, lQ) with minor adjustments 

unc€r'ta.in'ty in'tet"vo11 'to incl'..lde posr.ible errors in scml;: of "the auxiliary data used in the calculations. 

Hea't Capacity and Entro2Y 

!-ieat capacities for LiOH(e) in the temperature range 15-300 K dre those of Bauer et al. (.§.). Heat capacities above 300 K 

are clllcula1:ed from the high tempera1:ure (418-879 K) enthalpy data of SholM:te an.d Cohen (7..). Both sets of data were smoothed 

by compu'ter and joined at 298.15 K. The rapid rise in the enthalpy da1:a of Shomate and Cohen (1) near the me1'ting point is 

(l.ttributed to premeltin& o;tnd ddta in 'the temperature range 725-732 K were not used in the fit. Powers and Blalock (~) also 

measured high tem.perat:ur-e (397-1213 K) enthalpy data for LioH(c) in a Bunsen ice caloI'imeter. Although their results are less 

precise than those of ShoJ:\ate and Cohen (]), the 'tWo s!,'ts of measurement's a1'e in reasonable agreement. 

S~98.15 is deter-mined from the smoothed. Cp c!at .. s of Bauer et .. 1. (.§.) .lnd is based on an e'XtC'.'!lpolation of Sis = 0.027 

gibbs/mol. 

Transition <ind Melting Data 

The adopted heat: of melting ar.d melting point for LiOE are from th<:e entha.lpy !:'.e<'!.surements of Shomate and Cohen (2). POlo/e1'S 

and Bldlack {~) reported ilHmQ = !>.029 kcal/mol at 7'l6 K from tht!ir enthalpy n:easurements on LioH. Very recen'tly, Reshetnikov and 

Bd.ranskaya (2,) reportee a slightly higher value of 5.29 kcal/mol at: 747 K which was deter:rr..inee by a thermographic method. 

Heat: of Sublifl!.~:r:ion 

Ll.i-!s298 values for- 'the monomer and dimer are calculated from the <!I.dopted heats of formation for the g",seou5 species and the 

crys1:al. 

B~J·§!_t'~_;)s.~;;_ 

l. N. A. 

2. v. B. 

3. a. S. 

b. S. 

'L C. E. 

5. U. S. 

S. T. W. 

7. C. H. 

8. W. D. 

9. N. A. 
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R. Gunn, J. ?hys. Chern., 21-, 1385 {19671. 
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Lithium Hydroxide (LiOH) 

(L i qu i d) GFW - 23.9464 

Iil:ibbsfmol---~ kcalJmol----~ 
Cp' S" -(GO-WZII!I}{f H9 -H"n. .Hr dGI" lo~ Kp 

, 
,0' ,., ... 20.1514 11.4ee 11.aaa 1000 1 t3,)93 .. 102.7157 f5.lia5 

,.0 20.eu 11.611 11.46& .039 .. 1tl.H8 102.722 74.83] 
.00 20.816 11,604 12.30!ll 2.120 112.621 99.235 54.207 "0 20.H" 22.249 n·.au 4.20t .. 112.672 95.957 41.94] 

600 20~iH4 26.011111 15.572 6.28) 112.031" 92.61& lJ.7S6 

~-~-~-----~~: H j- ----~{-:w~-}f -- '-l~! ~~~- -----ft Ul--- -tH~~~-~--- -~ --u! in ------~{-~t}l 
900 2\1.314 34."1S3 20.5&4 12.521 110.12!1 .. 83.411 20.25'3 

1000 2Q.81& 36.676 22.068 lli1.608 109.506" 80.476 17.5M 

nOo 20,314 38.660 21,487 16.690 .. 1015,695 17.&03 is.llfI 
1200 20.814 40 .... 71 24.Ue 18.771 .. 108.293 7 •• 7a~ 13.620 
000 2(1.'14 otlol31 26,096 20.851 .. tQ7.!!i9G 72.017 12.lor 
1400 20.814 113.679 27.298 22.934 107.111 69.294 10.81 r 
1500 20.814 JIIS.115 28.4:UI 2~.Ol~ .. t06.531 66.613 9.706 

1600 20.8111 "6.459 29.523 27.097 .. t05 1 95& .. 63.911 8.7l& 
1100 20.81.1 "1.720 )0.557 29ol'l'S" 140.&38 .. 60.035 T.'I'18 

~i-:-~~ --~ -~~~! {{-----}~~6} 1----H ~~~-:------H ~~!~ ---;: -{i-:~-:-:-~----; --~~! l~t-- -----~~a ~ 
2000 tW.1!H4 !H.1C' 31.392 35.422 .. 138.237 .. 46.031 s.030 

2100 
2200 
2]00 
2800 
2500 

20.8lA 
20,814 
20.814 
20.814 
20.811 

52.119 
53.087 
54.012 
'54.698 
'55.74' 

34.260 
]5 t 09& 
35,896 
36.670 
J'TtJIIU 

3'1'.5.0" 
39.585 
41.667 
43.148 
45.829 

131 ~'519 
.. 1)6.1509 
.. 136.105 

135.412 
.. 134.726 

41,439 
'" :56.560 
'" 32.l54 

21.651 
23.391 

Dec. 31, 1960; Mar. 31, 1966; June 30, 1971 

4.313 
3.664 
3.074 
2.537 
2.045 

LITIHUM HYDROXIDE (LiOli) ( LIQUID) G'" ".9.64 HLiO 
5 296 .15 11.49 gi.bbs/mol llHf;98.15 -113.393 ked1/mol 

Tm ::: 744.3 K ~HmQ 4.99!: 0.05 kcal/mol 

The to iOClnomer) 1899 K lI!-!V
O (to mC.)llcmer) 44.9 kca1/mol 

Hea't of Formation 

The heat of forma'tion of LiOH(.t) at 298.15 K is obtained from thdt of the crystal by adding llHm and the difference between 

HTm-H298 for the crystal and. liquid. 

Heat Capacity and Cn'tt'opV 

The heat capacity of 'the liquid phase is obtained from the high t:empeI'&t:ure enthalpy meAsurements (750-875 K) of Shoma:te 

and Cohan (1). We derive oS constant Cp of 20.814 gibbs/mol for LiOH{t) from these enthalpy cata. The. average. percent deviation 

of the linear fit of the data was D.2L Po).'ezos and Bldlock (~) also determined a constant Cp (22.03 gibbs/mol) for LiDH(O from 

enthalpy data (746-1200 K) deter!:lined by drop cAlorim<!t:ry. 

S295.15 is obtained in a manner Olnalogous 'to thdt of the hedt of formation. 

Mel tins Data 

See LiOH(c} table for de 'tails • 

Vdporizdt:ion Data 

Dissocia'tion pressures for' LiOH{ c, L) have been lneasured by static (.=:), effusion (..§., .§.}, and transpi ration (.§) methods. 

These oa'ta are combinr::d wit:h the equilibrium studies of Berkowitz et .a1. (}) to give either- ilHs
298

, or liliv
296

. An analysis of 

the data is sl.JJ'MI.id.rized below, dnd further discussion of these results is presented on the LiOH(g) table under Heat of Formation. 

InvestiJ1;<3.tor 

Berkowi tl. et a1. (~) 

Johnston (~) 

Dit:r.3t'S a.'I.d 

Johns ton C.§) 

Gr-cgory and Mohr (~) 

Reuction 

(A) Li
2
0(c) + H

2
0Cg) :: 2LiOH(g) 

d Thi'Y'd Law Values. 

~ 
Mass. Spec. 

Static 

Effusion 

t:ffusion 

Trdnspiration 
and Effusion 

'a) 2LiOH( t) 

Temp. Range No. of 

__ K_~ Points 

1120-1450 18 

193-1176 gb 

648-736 11 

752-795 7 

S~5-675 Equation 

Li.
2
0(c) + H:zOCg) (e) 

bOne poi.nt :--ejected due to fa.ilure of a statistical test. 

oRr, kca1/mo1 Drift llHS;98 " u!iV
298 

a 

2nd Law ~ ,gibbs/mol kcal/mol kcal/mol 

6<'.3 52. 9!:1. 9 O. 5!:2. 5 

34.7 75.9!:2.1 -8. 5!0. ij 54.1J ~5. C 

37.9 39.511,0 2.6!5.4 61. 2!:3.0 

35.5 3~. :ltO. 9 -1.9'!:12.9 56.6t.3.0 

32.1 32.7!O.1 O.9!:O.1 57, B.t},O 

2LiOI!(c) :: LiZO(c) + H
2

O(g) 

The !:>oiling point is determined as "the temperature at which the free energies of formation for LiOH(g) and LiOH(tJ become 

equ.3..l. The difference in their heats of fO"l"'Zllation at the boiling point is the heat: of vaporization, 

References 

I. C. H. Shoma.te d.nd A. J. Cohen, J. Amer. Chern. Soc., 12! 285 (195S). 

2. w. D. Power'S and G. C. Bla.lock, Oak Ridge Natl. Lab., ORNL ;'653, Contra.ct No. W-i405, Jar;uary, 1954. 

3. J. Berkowitz, D. J. l1eschi, and W, A. Chupka, J. Chern. Phys., ill 533 (l960l. 

4. J. Johns'tool Z. ?hys. Chem., g, 339 (1908). 

5, r.;.!:. Di'tmars and H. L. Johnston, J. A:ner. Chem.. Soc., 22.18.30 (953) . 
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Lithium Hydroxide (LiOH) 

(Ideal Gas) GFW - 23.9464 

----gihbs/mol---_ kcaJ/moi-----
T,'K 

o 
,00 ,.0 ,,, 
300 
.00 ,00 
60' 
,00 
.00 
,00 

1000 

11 00 
1200 
1]00 
1/100 
l'!>OO 

Cp" is'' -(G"-H"JI:U){f W-HO_ &Hf' 

.000 
7.510 
9.1'2B 

11.°'5 
11.0 4 2 
1l.'I':H 
12.116 

12. 3~ 1 
\2."],41 
12.t.ge 
12,611iJ 
12,983 

13.119 
13.248 
13.371 
13.4111.6 
13.593 

,000 
00,233 
46,\66 
50.321 

'50.389 
o;,~.6f1 

56.H] 

0;8.5'!1S 
60.4i\'S 
I'i;t. ITO 
6).67' 
,I,!50.035 

66.219 
67.4?O 
~.15, 491 
69 • .IiI&6 

70.420 

1J4F'iH)TE 
'59.tT4 
'51.2'a 
'50,321 

50.3:?1 
50.7611l 
"it .620 

'52.597 
"il.,}qO 
5 4 .5'!i-9 
-;5,490 
<56.)'7 

"iT .2"2 
58.025 
~8.189 
0;9.'518 
60,214 

2.600 
I .~94 

... 1.02'5 
.000 

.020 
1 .16~ 
2.3'S1 

3.'5!!1 
l,fo';n' 
f, ,(11'19 
7.366 
1'.6'57 

9.963 
il.2>!!t 
12.612 
U~95'"i 

15. )09 

")5.1145 
... '!I'5.'585 

!J"'>.&Ob 
.. '5"'.000 

.. '!I~. ooa 
')f,.,a'S 

.. '570124 

.. 5 1 .340 

.. '}7 .~3'" 
5 1 .716 
"i7,89l 

.. 58,061. 

.. 5~.229 

.. 58.390 
... '5e."j4~ 
.. 5.1! ,697 

"'il\,eoa 

OCr' 

5'!1 • ./IQ5 
.. '56014] 
.. 56.btl' 

56.9'1'2 

.. '56.979 

.. 51.21'f:, 

.. 57.4'51 

.. 57,119'5 

.. 5f .506 

.. 57.1191 

.. 57,451 
~7. 393 

.. 57.31R 

.. 57.2,f! 

.. 570125 

.. '5.'I'.0\<! 

.. S6.IHU 

Log Kp 

Ulf'!NITE 
1?2. 'l'Ot 
61.868 
41. 1 62 

111.509 
3t .29:. 
25.112 

20,h3 
H.'iI'SQ 
15.706 
tl.9~1 
12.54) 

11,386 
10. 11 23 
9.604 
6,QOil 
6,2e8 

1600 13,691 71.]01 e,O.IHlQ 16.673 ... "iI'J,98/1 ... '56,'40 7.151 
1700 13.7Al 72.1)4 61.5H! t~.041" 94.t76 .. 55.<.'11', 1,lOl) 
t!lOO 1).8U 1:?9~1II 1'<2.130 19.4,9 .. 94.134 .. 52.ge8 6,434 

~~gg---- -:-:-:-~-~-:- ----a!~B--- --~i-:-;-~~---- -~~~ ~H-- .~-- -:-}:-~~~ ---;- .~~-:{-~-~-- ---. -~ ;::f 
;nOO 
noo 
2300 
24300 
25 0 0 

2600 
2700 
2&00 
2900 
]000 

3100 
]200 
1300 
34100 
)';00 

1600 
)100 
)60(; 

3900 
4000 

4\00 
4200 
4300 
4400 
4':;00 

4600 
111700 
liMO 
4900 
5000 

'5100 
.,200 
'5)00 
'54100 
',)'")00 

5600 
'5700 
'j~OO 

'5900 
6000 

1".070 
14.1:'7 
11,1 7 9 
I Ii .n". 
14.210 

1 4 .]09 
Iii. 3'~ 
1 111 , )7'0 

14.409 
14.437 

1'1.46) 
11. 4 ~ 7 
14 .509 
14.5,9 
\10.548 

14.5"'6 
14.5-"2 
\1O.'S96 
14.612 
14.615 

\4.el6 
14.649 
11i.61\0 
14.610 
U.6t'O 

14 .6"9 
11i.697 
14.706 
14.713 
114.7'0 

IlI,7?7 
101.7)3 
14.140 
1&1.7 4 5 
14.7'51 

1011.756 
11,761 
14.766 
1".170 
14,77/J 

'.,.OT? 
'S.7J3 
1". ]~2 
76 .9~6 
11.546 

78.t 09 
7111.649 
79,112 
79.617 
eO.l "6 

eo, 6~O 
81.099 
8t .545 
81.979 
!l2,4/'lf.) 

B2.810 
83.2'10 
!].o;~9 
6:1.918 
8(1.348 

~Q.. '1'09 
85.0"2 
80;.1107 
65.7411 
8.6.01'1 

66.397 
86.713 
87,022 
6'1'ol?6 
87,.6') 

87,91 4 
&8,'00 
88.4~1 
68,757 
80.0,7 

.e9.20l 

.eO,5!1 4 
eo ,811 
QO.064 
90,312 

i!!;J .~29 
';" • .)55 
"".86" 
1'o5,3"i5 
65.1'!32 

!\1I.:?9) 
... 6.741 
IH.PS 
67.596 
~a .009 

",e..QO!l 
6el,1"96 
6 9 .177 
t',9.54& 
69.9C19 

'l'O.i'?t'l2 
'/'0.606 
71).9') 
'/'1.2'/'2 
71,')95 

11.'lIlQ 
72'.?19 
12.522 
'I':?,Ste 
'/' ~.1()9 

'/'3.395 
'/'3.6'/'5 
13.9"'0 
'/'11.219 
'1' •• 111.'\5 

Til .7.5 
1';,001 
7'S.2')J 
75.500 
75.74&1 

75,9,1113 
H,.119 
16.4'S1 
76,61'10 
76.905 

:n.e21 
2';.031 
2'" ~c1I6 
~7 .fIl6" 
29.29 1 

)0.7'10 
12. 1 '!Il 
33.'51'19 
3'5 ~ 029 
H.Ar1 

)1.916 
]Q.363 
110. ~ 13 
111.,,6'5 
,'i). '11.9 

4'!1.t7'5 
46 .... 32 
4Pt.b91 
4Q.".i"i' 
51.014 

"!I?lrr 
53.9·1 
,",'5.tl01 
5".Pt1] 
'5".l4\ 

59.flOQ 
61.21'8 
6'.749 
(,tI.1t Q 

65,,,,91 

67.1611. 
6f1 , fI)1 
10,110 
'1.5tH. 
71.0'5Q 

1C,"i)'"; 

76.010 
'1'7,4IIH 
18,96. 
!iJO,441 

.. 94.009 
93,971 

.. "'3.933 
... "'3.900 

91.lH! 

93,8411 
93,823 
93.805 

... 93.795 

... 9J,189 

9l.791 
93.796 

... 93.'''!! II 
9.3./11)7 
9).1367 

.. 9).907 
9).9'!16 
94.01'11 
9" .061 
94.!59 

-;A.'41!! 
94.]117 
94.457 
94.519 
~h.T1A 

9li.!60 
90;,021 
q"}.'9~ 
9"';.364 
9"';.'561 

Q~.I!lOe. 

9"'.0 .. ~ 
96.300 
9'i.'H3 
9,t;,~~66 

<)7.180 
97.516 
91.675 
9$1.~56 
9&.664 

460141 
a].56? 

.. al.586 
)9,110 

.. ll' .037 

)Q.76' 
.. 32,493 

30.222 
27.9119 

.. 25.&79 

23.40" 
2t.t)9 

.. is. fill! 
16.'596 
i4.!2'!> 

t2,{l51 
9,117 
7.497 
",221 
2.943 

.1:>60 
1.62? .. 
3.909 .. 
~ .19~ 
e,.1lI1'\9 .. 

10 • .,,11 
n.083 .. 
l~.U, .... 
17.&6fl 
19.099 .. 

22.3\'" 
24.6]:? 
26.9'56 .. 
29.2>!!! 
)\ .6U~ 

H.95! 
36.296 .. 
JB .65\ 
lIi,OO'/' 
43.31' 

Dec. 31, 1960; ,",.at". 31, 1966; June 30, 1971 

•• 602 
4,357 
3. 9 '52 
1,560 
3.236 

2,922 
2.630 
2.359 
2.106 
1. 8 71 

1,650 
1.444 
1.250 
1. 0 &7 

,8911 

.732 

.578 

.431 

.29) 

.161 

.035 

.0811 

.199 

.308 
, '11 

.512 

.608 

.l'(H) 

.189 

.814 

.9~6 
1. 0 35 
1.112 
1.les 
, .2')6 

l.l25 
1.392 
\ .4'56 
1.'!I19 
I. ~eo 

rlLiO 
l.ITHIUM HYDROXIDE (LioH) (IDEAL GAS) GFW :: 23.9464 

Poin t Group Ca:...r iilifO -55.4.!: 1. 5 kcal/m.ol 

S29!J.15::: [SO.3~ ~ 0.50) gibbs/mol 6Hf29S.1S::' -55.0: 1.5 kcd/mol 

Ground Sta.te Quatl.1:um Weight:: 1 

Vj.bI'~tional Frequencies ~nd Degeneracies -1 
"'~ 

(630J (1) [362 J (2) (3666) (1) 

Bond Distance: Li-O::: 1. 582 A O-H=iD.97)A cr :: 1 

Bond Angle: Li-O-H = 180 4 
'Rota'tional Cons'tant: BO =: L 1S23 cm-1 

Heat of Formation 

5m.i'th a.1l.d Sugden (l) provided the first information on the stability of gaseous LiOE by studying its formation in 

hydrogen-ail'" flames. Very recently, other flarne photometric studies (l - .§.) ha.ve been repol"tcd on LiOH(g), primarily ir: connec

tion with es'tablishing its bend dissociation energy. Maas spectrometry (§. - J) :,0,"'5 also provided ac!dit:ional information on the 

stability of this species. These invest'igations have resulted in a wealth of equilibriuM data. involving this cor:tpound. Second 

and third law analyses of these ~<'I.ta are presen.ted in t4bu1ar form below. Vapor pressure data for LiO!i(c, t) are ana.lyzed under 

Heat of Vaporization (see LiOH(t) table); these data lead to <'lHf29S (LiOH, gl va.lues of -5.9.0. ~S.1I.1. -51.1,.8 and -58.1 kcal/mol. 

Temp. Range. No. of ~Hr298 kcal/mol Drift ll.Hf29S (LiOH, g)1! 

__ ~I,"n",v", .. ,-"ti~__ Reaction ~ethod K Points 2nd Law 3rd Law gibbs/aol kcallrnol 

Smith and Sugde.n (l) 

J4~es 4.!ld Sugden (1) 
Jensen 8I'\d Padley (~) 

Cotton Nld Jenkins (~) 

A Flame 

Fl411'l.C 

Fla.ma 

Flame 

2200 

2200 

2475 

2370 

McEwan a.nd Phillips (.§) Flame It.OO_2600 15.8 

99.S -51. 7 

100.0 _53.2 

15.9 -55.6 1: 2.0 

15.1 _56.4 j: 1.5 

16.hO.6 O. S :!: 0.2 -54. B .!; 1.6 

Reaction: (A) LiOH(g) -:; Li<g) + OH(g) (B) I..i(g) -I- H
2
0(g) :: LiOH(g) + H(g) 

a Third la.w values based on JANAF hea.'t of formation data; LHg) 6-30-62; O)/(g) 12-31-70; H
2
0(g) 3-31-81; IHg) 9-30-65. 

The equilibrium data. of Sugden and CO-workers (1:. • .v are likely 'to contain significant er:t'ors, since the dissocia'tion 

consta,,"lts were calcu14ted with QB concentra.ti.ons detet'mined fx-om r;o.e.ASUl"eQ flan.e temperat,ul"cs "mel. known gas compositions. It is 

now well established (1!. ~) tha.t flame N1dica,1 concentrations vary greatly with the distance from the Nlaction zone of the flam.e. 

The dissocia.tion pressure data of Johnston and Ditmars and Johnston (sec LiOH(t) table) show excessive drifts which llsl:ally are 

indicat.ions of l'loneq\l.ilibri~ measurements. However, even the remaining flame work (l - 2,) a.nd vapor" pressure data still show a 

SCd.tter of over 3 k:cal/mol in ilHfi96 of LiOH(g). Cotton and Jenkins (~) investig.a:ted the other dlka.li metal hydroxides) Al".d their 

d4ta lead to JHf298 values for these compounds which al'e quite consistent with JMiAf data (12). On the other hand, the flame 

studies of McEwan and Phillips (2,) as 4 function of temperature do not shaw significant drift; yet, 'the discrep40cy between their 

~}ifi98 value and th.st ~f Cotton and Jenkins (~) is 1.E kcal/mol. We choose to adopt for llHfi9S'LiOH, g) a weighted average of 

the 'results from the fla..r.te work (~ - .§) a.nd the vapor pressure data: The adopted valu.e dHf
29S

(LiOH, g) =: -156.0 't 1.5 kcal/mol 

corresponds to a bond dissoci4tion energy of DOCLiOH) :: 102.8 !: 1.5 kcal/mol. 

He4t Capacity a.nd Ent:t'opv 

rreund et ~l. (g) measured the molecular beam electric resonance spect!"a of LiOE and calculated molecular consta.r:ts on the 

b",sis of a linear equilibrium structure. Linear stru.ctures for the other alkali metal hydroxides have been proposed from 

micrOW'ave and infrllred studies on tr.ese !T.olecules. (Sec 'the respective tables for details) We a.dopt a linear configuration for 

LiOH and calculate a Li-O bond length ~rom the ro1:ational consta..;1t given by :rew.nd e1: al. ell>. The O-H bond length is estimated 

to be the ~4Il\e 45 for H20. The pr~ncl,pal moment of ~nel"''t~a is 2.348 x 10-39 g cm2 

Experimental vibrational frequencies fot· LiOH have not been repot"t'ed ih the literature at the present titne, Acquista and 

Abran:o ..... i1:z (11) have made matrix-isolation studies of monorn.eric CsOH, RbOH, and NaOH and provided assignments for 'the metal-oxygen 

stretch (\11) and the bendin~ modes (\12) of 'these molcculf!s. A Valence Force Treat.ment: of the frequencies by "these workers led to 

met'dl;oxygen (:11)' O-H (F33 ), and ben1ing (F'22) force constants. We extrapola.te their d<'!.ta to LiOH ,;it'h the resuH:; f
ll

;: 1.15 

mayn/A, r33 c!ssumed equal to 7.S r.'ldyn/A with the interaction constant f
1J

:: C, and f22 ;: 0.060 mdynoA. These estimated force 

const.ants are used 'to calcula"te 'the dcl.op't~d frequencies by the Valence force 1're<!l.tNent. Our a.dop't~d frequencies when used in an 

dll.41ysis of the equilibriuI:i datA from Mclwan and Phillips (.§.> MId Berkowitz et d. (1) (see L.iCH(l) table) lead to reasonable 

agre.eJlI,e:nt between the second and third law Mlr
298 

v~lues. 
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Lithium Hydroxide Unipositive Ion (LiOH+) 

( I dea I Gas) GFW • 23.9458 

T,"" 

0 
In, 

'00 
296 

300 
'0. 
'00 

000 
100 ". 900 

10(10 

11 00 
1cOO 
1300 
lo!100 
1 ~oo 

1000 
t700 
11;\00 
1900 
~oOO 

2100 
,200 
2300 
'iiOO 
7500 

26no 
?700 
:?ClOO 
7900 
1000 

3100 
3200 
HOO 
uoo 
3')00 

3600 
)100 
,soo 
}900 
4000 

1;1100 
4Z00 
,,)00 
"'100 
ti~OO 

11000 
4100 
G!lOO 
1I,'tI00 
0;,000 

0,,100 
<;200 
"300 
<;400 
<;~OO 

":t600 
..,700 
'lIHHl 
<;900 
... 000 

~---glbb!l/mol-----_ kcal/mol'----_ 
Cpo So -(G~-H"",}{r Jf'-W_ dHr 

i 1.?3ti 

1l.4)d 
12.605 
12.7:'2 
12.693 
1 J.O)\) 

13.72f 
1 J", 8! ~ 
13,896 
13.\170 
1".037 

li4,09H 
1 111 .1,,)3 
111.70. 
14 .25(1 
1". 2~£ 

14,.UV 
tQ,3f>'J 
14.39{ 
14,42/ 
1 !I.45~ 

\iI,ilfY 
1<1,502 
lQ,524 
P",5Aq 
1 ~ .562 

1 4 .50 7 9 
t,;; .59,} 
IIl,6tu 
1<1,62" 
1i;!.6l7 

1",(:14;; 
ldi,661 
14,672 
14, 6~2 
11i.692 

14,702 
1",711 
110 .719 
1.(; ,'20 
14,730 

1". )"~" 
\",751 
11i.,50'" 
14,760 
1'".773 

l.tt.i'"'O 
1I1.Tfl7 
1.11.193 
1~ .600 
p •• eOT 

"3.~3;' 

~J. 00 1 
')0,933 
':111,07.3 

°1.tIFt 
bJ.tlOl 
65.109/1. 
6 7 ,00 .. 
bS.FO 

69.61f\ 
70.769 
'l.h3l' 
72,6)0 
13.717 

7111,05') 
7~ ,1190 
76.262 
T7 .O3~ 
77. '~I'.I 

70.1140 
79,097 
l"l.IV 
80,333 
80,'>11'" 

81,q71 
82.018 
62.~.r'l 
83.047 
8J.~J7 

84.011 
8'1 ... 71 
64.918 
85.35;> 
"5.773 

86.154 
86.5154 
86,973 
er ,J5) 
8f,7?3 

IH~. UA~ 

8B,'<31l 
8tl.r83 
a9ol?o 
159,1150 

A9.f7 3 
90.090 
90, )99 
90.70l 
91.001 

91.29) 
91,~79 

91,b60 
92.1]'" 
92.4'007 

92.613 
92,935 
93.19;> 
93.oII1IS 
93,694 

')3,532 

53.532 
':13.982 
';iIl,!5!) 

55.81!:! 
':IO,84i 
H.619 
stl.r')' 
59 .6~1 

60.5 0 1 
61.310 
/lc.o r9 
02.6i2 
63.~12 

ol4.t!H 
1!14.822 
65,1'.137 
o6.0?, 
60,5 9 0 

0117.144 
IH.672 
oS. lIS] 
6B.f>rr; 
69, t ')~ 

69.618 
10.067 
'0 ,~O] 
70.927 
71.319 

71.7110 
'2.111 
'2.51 .. 
72.683 
7).245 

7~. ?82 
'".613 
74,9)6 

75,?S2 
1.'1.56.<' 
75.86') 
7b.163 
7e..IISA 

fb.?40 
77 .0)\ 
7? ,'l9? 
rr .56' 
f7 .633 

f6,09A 
r6,)50 
1!~. 60) 
TS,SSl 
79,095 

79, )30, 

rY.S71 
7'i1,801l 
60,0:3) 
60,2,,9 

,000 

.01'1 
1.H!0 
;,]87 

'3.61'0 
I!. .~72 
.... \110 
7.!l;?3 
Po. 7t-;; 

10.028 
11.1SI 
12,oM) 
1 11 ,0]] 
1,)']91 

2).722 
250135 
26.553 
2'.976 
?9,1I0] 

3D."]4 
37,269 
33.707 
3')01415 
)11.592 

311,0)9 
39,1188 
4 11 .939 
112,393 
41.1Ue 

45,]05 
o!I6.164 
48.224 
1I0}.61!6 
5101/119 

":I:?613 
5l1.07b 
55.')45 
57.013 
5-"1,11182 

59.951 
""\.1122 
6;:> • .'193 
04.366 
05.{1.]9 

07,3l3 
6 11 ,7f1A 
TO,;:>63 
71.739 
73.:l1'" 

7£l.t'l'il1l 
7~d72 
P.6SI 
1'9dll 
SO.611 

Dec. 31, 1971 

16",000 

lt16.006 
166,339 
18.,.909 

166ol99 
16..,,"107 
11'6,628 
18'.1 ~4 
187.484 

1.67,1120 
\1.\1'1.160 
IlIS.S06 
168.656 
189.209 

1159,565 
\')4.1'17' 
1')">.420 
lSS.9&J 
156.50S 

IS7.044 
1')1.')61 
1.,8.1 19 
1')6.651 
1590180 

j59,7o.5 
160.225 
160.741 
161.250 
161.755 

161'.1".)1 
162.1112 
163.<2:; 
16.3.101 
1,640166 

1611.626 
16'),075 
16~.516 
16'),9.7 
16!'l,366 

101'1.17') 
167,1111 
ltH.,)6Z 
16'.939 
161'\']01 

161'\,653 
16t1.990 
169,315 
169,6211 
169,91.8 

170,191!> 
170,456 
P'O,i02 
11'0.928 
PI. t 3l 

111,:\16 
171.l.!S2 
171.62J 
171.7_t 
11\.8]1 

6.Gf" 

It!Z.'S8.3 

U!2.56t 
t610361J 
t 60 0159 

178.962 
177.754 
176.481 
1.7!)ol69 
173.1520 

1 7 2.4]7 
171.023 
169.';60 
16!I 0112 
161'1.619 

165.100 
164,669 
16':),1164 
166.006 
16~ .521 

167.008 
167. A70 
167.907 
1613.123 
168.71J 

J69.0S11 
169.11)4 
169,766 
110.081 
1 7 0,377 

170.656 
170.918 
11'10167 
171.AOI 
171.620 

171.826 
172.01 9 
172.200:, 
112.3711 
172.'531 

112.682 
112.820 
172.952 
17].073 
17].18] 

173.291 
1 7 3.186 
li3.415 
173.'>56 
17).6]5 

173.710 
173.114 
173.637 
173.890 
173.946 

IJ'l.991 
174.0]9 
1 70 .085 
1'1'4.125 
11'40166 

-

-
-
-

-

-

----
-
-

-

-

---

LogKp 

113.t!J7 

132.'il96 
99.092 
76. rIJ1 

65.194 
55.491 
&16.212 
42.5]1 
17 .988 

)11.260 
31.11J1 
26.'>09 
26,284 
24,276 

22. ~S2 
21,198 
20,090 
\9,095 
16,197 

\7,Ht 
16.(:1]7 
15.955 
15,]26 
14,749 

12.031 
11.6l") 
1t.J)6 
! l,OI! 
10,716 

10,431 
10 olbl 
9.90. 
9.660 
9,427 

9,205 
8.99) 
6.790 
8.597 
6.1J11 

8,233 
8,062 
7. ~99 
",7,'1 
., .590 

7,111411 
7.]0. 
7.1t18 
7.0-18 
6.912 

6.790 
6.673 
6,560 
6.450 
6.3.34 
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LITHIUM HYDROXIDE UNIPCSITI'IE ION (LiOHf-) (IDEAL GAS) Grw :; 23.9458 

Point Qrooup [C<Dy) u.Hf~ ~ [l6!) :!" 25J kcal/mo1 

S298,15 :: (:'3,5 ~ 2) gibbs/mol nHf 298 .15 l186 r 2S J kcallmol 

Electronic Level:; iind QUantl.l1:t Weights 

State {.i' cm- 1 
~l 

'n 

2 Z" (32000) 

Vibrational Frequencies and Degeneracies 

Bond Dist4ncc: Li-O:: [1.50) A 

Bond AlLgle: Li-O-H '" (180)~ 

-1 
~ 

{600] (J.) 

(325 J (2) 

t3500J (1) 

O-H :; [l.03) ; 

ROtational Con~,tant: BO [1.15">35J cm-1 

Heat of formation 

The heat of formlltion, t.Hf;9aCUOH+,g) :: 186 .!: 2S kcal/mol, is calculated from the ioniz4tion potential for LieH 

dnd. t.Hfi9S(LiOH,g) :; -55.0 .!: 1.5 kcal/mol (.!). The ionization potent"ial is estimated to be 10.5 !: 1.0 eV for' LiOH 

by cornpari6on with similar data <.~) for the isoelect!'onic moleCUles LiF and LiCl. We no'te thdt this estimated value 

is in dccord with the ionization potential of LiO (I? 9.0 eV) (~)j which should be less thaon LiOH since the electron 

in the monoxide is unpaired. 

Heat Capacity ilnd Entropy 

The correlation dia.gram of Walsh (~) for HAS molecules predicts a. linear configuration for- LiOH" (seven valence 

electrons) with the unp4ired electron in d pi orbital. Therefore, the electronic ground state of LiOH+ should be 

'n. A firs't excited s'tate (2I;> is estimated ~t 32000 cm-1 by ant.l.logy with the iscelectl"onic molecules OM (1) .:!nd 

SH (.!), The ionization of 1.iCB is assumed 'to lead to weaker bonding in LiOH1-, since the electl;'Cn lost is a bonding 

one. The Li-C and O-H bond dist:ances are increased slightly over those for LiOH to account for this wea.ker bonding. 

Sir:tila.rly. the vibrational frequencies are estimated from those for LiOH with somewhat lower valueI'>. 

The enthalpy dt a K is -2.662 kCd-l/mol. 
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9fl.Jlfl 

90.J41 
90.)f,r 
90.1';-] 
9n.1I22 
90.453 

90.11115 
90,"19 
00. 5~5 
90.592 
00.632 

90,673 
00.J'16 
90.761 
90,807 
00,8')') 

90,906 
90,95.'1 
91.012 
9\ ,0611 
910125 

Q 1 ol II ~ 
91.;:>40 
9t.309 
91.37(1 
9\ ,nb.O 

91.~09 

91.579 
9\.1'>";:.\ 
9i.724 
91.aOO 

1950; Dec. 31, 1955; Dec. 31,1971 

&cr LcR Kp 

90.t 50 
89.663 
69.200 
8t!.730 .. 

Illlrl'HT[ 
.. 195.959 

97.4]) 
65.01111 

88.721 
8A.2C,0 
87.75 9 

.. 6C,6)3 

87.219 
86.801 
86.l23 
85.fh6 
65.]70 .. 

84.694 
811.419 
fI).911) 
1'l).Hi" 
62.992 

82."1') 
1':.2.0110 
8\.')62 
61.086 
60.608 

eO.129 
79.651 
79.171 
71'.692 
71!.211 

77.131 
7f.2:119 
76,166 
76.28S 
7'l.~OI 

75.:n5 
711.e30 
74.34'5 
73,656 .. 
73, ]70 

72."62 
7i!.]9) 
71.903 
7t,I1I2 
70,91 \I 

70,425 
69,932 
69,4)6 
66,9)9 .. 
68.440 .. 

6' ,911111 .. 
6',44Q 
6~.9G3 
66,44 0 
65,9)7 

6';,4J2 
64.92 7 
611.lI21 
63.911 
6:\,4010 

62.892 
6:i?,383 
bl,869 
61.35'5 
60.11 38 

48.212 
]6.359 

1I.792 
27.100 
23.582 
20,6116 
18,658 

16,1167 
15.375 
111.112 
13.0]0 
12.092 

11.211 
lO.5H 
9,903 
9,327 
r:s.1!06 

6.3)9 
7.913 
7.523 
T .166 
e..e)T 

~.534 
6.2'5]. 
5,99" 
5,749 
5.522 

5,310 
5.111 
11,9211 
4.746 
•• ~81 

4,425 
4,276 
4.135 
4.002 
l,fH5 

3.7';4 
3.6]9 
).529 
3,4(,4 
].324 

3.216 
3.1)6 
J.01l8 
2.963 
2.tH12 

2.eOIl 
2.729 
2.6')6 
2.51P 
2.5\9 

2.4511 
2.392 
2.)]\ 
2.273 
;?216 

IMIDOGtN (NH) (IDEAL GAS) GFW :: 15.011>67 HN 
Ground State Config.uration 31.-

S298.15 1<-3.29 0.20 gibbs/mol 

uHf; :: 90.15 ! ::'.00 kcalfmol 

uHf298.15 :: 90.16 .!: 5.00 kcallmol 

Heat: of formation 

o ~ 
c 

3316.5 cm- 1 

-1 
Be:: 16.668 cm 

E.lectronic 'Levels and Quantuln Weight:s 

Stdte tit cm-
1 ~ 

x3 z-
a 1 6 
l} Z

AJrr 

( 12000) 

(120aOJ + 8502 

19772 

(.I)eXe 

a. 
95.!f cm- 1 

0.645 cm-1 
"e 1.038 A 

Herzberg (I}, r~ferring only "to literature prior 'to 1.91.10, suggestr; a value of 3.8 eV faT' the- dissociation energy 

of NH(g). An examination of the dissociation energies of the first J.nd second row hydrides a~ tdDulated by Gayden q) 

would suggest a value in the range 3.47-4.40 eV. 

?anne"'tler dnd Gdydon (1?) calc:uldted a value of 4.0 eV by a two point linear Birge-Sponer ext:rapolation. This 

value was adjusted tC" 3.26 eV using dn ionic character correction factor as suggested by Hildenbrand Cll>, Franklin 

et <.11. (~) and Reed and Sneddon (~) det:ermined the dissociat:ion energy by elet.:tf'on impact to be 3.0 eV and 3.70 eV. 

respectively. TIlese 1a'tt:er 'two values should be considered as upper limits since electrop impact measurements usually 

ir.vo1ve ~xc€ss energy. Using d. shock tube technique dnd published t:!'ansition probabilities, 5<:;0.1 and Gilycton (~) 

calcula.ter] a vd,lu", of 3.21 !: 0.16 eV. a value which Gaydon ado?ts in his t",bula'tion qJ. St~d!TIan (~)! using re.actions 

of r'iH'e gas metastable!> with NH-con1:aining compounds, deduced v,),lues of 3.0u-3.64 eV and 3.17-3.47 eV. 

On t:he "theoretical side many cillculat:ionOl h<.1ve been made: 

Companion and Ellison {7) - semiempirical inte~po]ative methOd .61 eV 
Jordan and Longuet-HiggTns (8) - semiempirical IT'.ethod 52 eV 
Cade and H~o (.!...Q), Clax"ton ([p - Har-tree-f"ock method 10 eV 
Kouba and Ohrn {In - natural· orbital valence-shell configuf'ation interaction 42 eV 
O'N<:il and SchaeTIer (l:.~) - configuration intel'action B:,8 e.V. 

fi.nally, \>.'ilkinson (6) and Vedl:!neyev et dl (}S) suggest v.11ue$ of 3.76 e'J and 3.50 oV, respecti.vely. Both 

reieN:nc:es are based on s;t:!ctroscopic data, the ]~t~r ,lrising fro!'!'. d. li.near B~rg",-Sponer extrapOlation foT' the x 3 r state. 

The: v41ue chosen as the dissoci.ation ~nergy of NHCg} is 3.'21 ! 0.70 eV. The reason fo:, the dlo:ice is that it is 

consistent wit:h all the eXper'in:ental data. ThcO'!"'etica.1:i.y, the ea1"'ly results are "-Dove the accepted value wher-eas recent 

results are below bu't increasing. Tht:! accepted value leads "to a heat of formation • .1Hf; 90.1S! 5.00 kcal/;ncl. 

Heat Capacity a:,d E~ 

The spectroscopic constan'ts fo~ the ground state were obtained from Dixon (l.~}' 

11l.c electronic st.ates of NH.(g) ar-e well-kno'.!t\ but "the energy sepal'a"ti.cll of the ground stat.e and 'the all> stat.e i~ 
uncc!"'t:ain. Hurley (.!J2.) calculatt<s the splitting as: 1.71.! eV using ab initio calcul~tions with empirical o!!tomlC " 

correL:rtion corrections, whereas Huo (~) c~lculatles 1.S3 eV via single configu!'atio:-: scr calculations. Kouba dnd Ohrn 

U2> and O'Neil dJld Schaeffer (D) using configuration in"teraction stuClies calcuL.lted t:he splitting to be 1.9 eV dnd 

1. 117 cV respectively. Cade (2.Q) predicts 1.63 eV using relationships between the united atom and "the diatomic hydride. 

Jordan and Longuct-Higgins (~) calculated a value of 1.51 eV by a s<:;miempirical technique. 

On the expcriment:a1 side, Stedman (lI!.) with rare gas metastables suggests a value no less than 0.6B eV. Okabe and 

Lenzi (1)) examined the photo-dissoci<'ition of NH 3• \1,;ir:g; the current value clHfO(N""tl. g) :: 90.15 kca.lirlol, their datil (2l) 

predicts a"1 upper limit of 1.21 eV. Foner and Hudson (ll' produced NH by snort-dur.J."tion pu1.!Jed el<!ct!'.Lc discharge" and 

ca.lculuted a splitting of 1.6 to 2.2 eV. 

The value chosen as th~ X31:-_al(~ splitting is L!4i.! eV or approximately 12000 em- l , This value is roughly an aver-age 

of "t~~ ex~rime!\tal d~ta and ~ lO\<ler limi-:= on the theoretiCal calcula'tions. 
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Sodium Hydroxide (NaOH) 

(Crystal) GFW - 39.9972 

T,OK 

,"0 
<'00 ,., 
300 
'00 
'00 

.. ---gibbs/moi---_ 
Cp" so -(GO-H":tts){f 

,()o(,. 

b.t,]l 
II.fI':-l! 
l<1,<'?t"l 

1".;:>"'(" 
1:;'. ~;;>IJ 
11.96) 

,00(') 
3. ro~ 

IO.!!>' 
I ~ ,403 

-0-0-0-- - -;..:~ ~,;;C--- -JO-. -0-1.1-0-
1 tI.609 

100 ,tv,""'U n.209 ;;>u ,II 74 

.t.v.')6" )5.Q'j4 ?2.2Q2 
311 .• 376 :;>3.902 
40,542 7:>.46() 

'1v.:. ... 1,; 4;:>.50;:> ;>"".922 
lv, 5"',· 10 4.291 ;>H.2 Q o 
;':v , ')"'(.; 1)'),936 7"',590 
';-';,""'0 47.460 ~O. a t .3 
~u. 5"'u 1.1 ~. 679 )1,910 

Dec. 

11,914 
10.970 
I).on 
15,082 

17.llf\ 
j¢.1911 

2";.3"':;> 

90.69<;1 
06. 9~ j 
63.!31 

66,074 
47,')13 
)6 .330 

91J.(lj6"---:"---,-9".-;';;;-- - -26.YQl 
99 .lC~ It) ,09? i']. 7')7 
9" .699 72.6!l 1". tl93 
911,0':10 69.6j1\ 16.'10'" 
9r .502 66,'18" 1 <I. ~)u 

9(>,92" 
1!9."OU 
11'),!}"l 

" " 

63,'q4 
"9.9)11. 
~4 .993 
~O" 1 (1 

IJ5.?RO 

12. ~99 
10.'116 
9.24') 
7,b2) 
6,<"91' 

SODIUM HYDROXIDE (NdOH) ( CRYSTAL) eN 39.99}2 HNaO 

M-ife; :: -100.7 0.1 kcal/mol 

$298.15 16.40 0.20 gibbs/mol 6Hf298.15 -10l.8 0.1 kcal/lJl::ll 

Tt 5 72 ~K .1Ht 1.71. O.?Okcal/ool 

TIn :: 596·1( JHm':: 1.58 0.20 kcal/mol 

JH!l29S{to l:'lanomer) 54.5 ~ 3.0 kcal/mol 

/)HS;9S(to dimer) sa.I< 6.0 leci'll/mol 

Heat of Fot':;-,ation 

Th~ heat of fOT'mat:ion of NaOH(c) is obtained from its hlHl.t of solution in .... ater, the heat of hydrolysis of metdllic sodium, 

cl.fl.d appropria'te auxiliary ddtd. 

Reshctnikov c,P d""termint!d calorimetrically the heat of scll:tion of" NaOH in 400 H
2

0 as -10.445 ! C.015 kedl/mel. Combining 

this :::oesult with heat of clilu1:ion d<lta for aqcl€OUS s.,dium hydroxide solutions t:abulated by Parker (2), we darive ,'1H;olnCNaOH, c) 

·10.56 1: 0.02 kcal/mal. Mu:::och and Giauque (1) measured the hedts of solution in water of a series of solids .... hich contained 

various amounts of water in 'the ra.ng>.: NaOH·(O.1 'to 1) Their da'ta indica:ted a lineal"" reld'tionship between the heat of solution 

and 'the ratio of the moles of water to the moles of hyd.roxide. Upon extrapolation their datu gave ,jH;oln(NaOf., c) = 
-10.637 .!: 0.010 kc~l/mal (2). This la'tter value is adOpted here, since 'the extr'apolation to zero moles of water tends to eliminate 

its eiftlct on 'the nedt' of solution. 

The heat of hydrolysis of metallic sodiUm hds been determined by various investigators (~-&.). foT' the reaction Na(c) 

(n"'1)M
2

0 .. NaOfj'n H
2
0. 0.5 H

2
(g) ddtd. d:t:-e ~lum1fl<lrizcd below. 

Inv~stigator 

Gunn and Green (~I !:,Q) 

Mcsst!r" et al. <.§) 

Ketchen and Wallace (§) 

moles of H
2
Q 

-Based on .:lHf298 (H
2
0, t) :: -68.315 kcal/mol (1). 

CHhi9t! 

~i~ 
-44.124 0.015 

_114.22 0.20 

-44.05 0.20 

Mif 298 (NaOH ·<qi20)"" 

kcal/mol 

-112.439 

-11:2.53 

-U2.37 

t.Hf29S(NaOH, d 

kCi'll/mol 

-101. BO 

-101. sa 
-101. 72 

Coobination of 'the ilHf 29S (NaOH·a> H
2
0) vdlues with the heal: of soll.lt'ion of NaOH(c) a.t infinite dilution giver. <'lbove, results 

in 'the ilflf 29S (NaOH, c) values given in the last: column. The value det:el'mintld from the work of Gunn anel GNen (~. ~) is adopted. 

Earlier dC'ternU.nations of u:1fi9S(N:aOH, c) h<lve been sUIllJnarized by Bichowsky and Rossini (~) and are not 1:is'tcd here. 

H~dt Cdpacit:y and Entropy 

Murch and Giauque (]) dct:ermined low 'tcli".peratur€ heat: capacit:ies for NaOH·0.04014 H
2

0 and Na.OH-O.97776 H
2

0 from 15- 'to 3:20 oK. 

from these cia. ta Cp' s for anhydrous NaOH Cc) were calcula ted anc. joined smoothly a.t ,98.15 & K wi th the high temperature (27 3 ~ -97 3" K) 

en1:halpy data of Douglas and Dever (i). These smoothed Cp's gillen by MUTch and Giauque are adopted. Lo;.; ternpe'r'ature heat: capacity 

data foz' NaOH(c) in the temperature range 50" 'to 300~K have also been reported by Kt!11ey and Snyder (lOa, lOb). The deviations of 

their ddt a from the adopted values range fror:1 a few tenths of a per-cent {150"-300"Kl 'to up to about 30\ at the lowest: temperatures 

inv~stiga:ted (£lOOK). Popov and Ginzbu.rg (113" lIb) also determined high 'temperature enthalpy data (293°_1016 aK) ,fOT /'IaOl{ by drop 

calor·ime"try. Their !'eported value HSOO-f1298 '; 3.112 kcal/mol (ill) is in very good agreement' with the tabulated value of 3.176 

kcal/mol. 

5; 9 B is ba.sed upon i3n ex'trapola tion of O. 020 gibb~i / mol at 15 0 K. 

T:::'ansition and. Mel'ting Da'ta 

The adopted heats of 'the polymorphic transforlIlat'ian a.n . .:! rnel'ting of NaOH are t:lean values from the work of Douglas and DaveI' 

(~), Popov and Ginzburg (lla, l.lQ.), and Reshetnikov and B1:iran~kaya (.!2). Tt a.nd. Tm aT'e from Reshetnikov dIld Baranskaya C12.). 

Heat of Sublimation 

u]15 29B for the monomer <Lid dimeT' arc calcu1a.ted from the adop"ted heats of formation of the crystal and the respective gaseous 

species . 
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Sodium Hydroxide (NaOH) 

(li i d) GFW - 39.9972 

____ giblM/mol ______ kcal/1TlQ1 
T,OK CpO S" -(G"-H"*",)rr Ho-no .... "HI" 

0 
100 
200 ". c .... 99t. 16.130 18.1)0 ,000 - 99.'<'41 

.2 .... /I ~u 35.84) :n.951 11.]2. 'I r • r j'~ 

.2v.?9U ]IIj .~62 7,).£111 lO.3bO - 97. t 50 
cv.l'50 1.10,<;143 27.HI~ 101.362 - 96.561 
;,Iv,OJ\- 11].059 ?fI.,t\,.,1f 111,390 Qf, ,() J~ 

1100 1'>1.67(> 44,960 31'),0(\5 )6.364 - 9':;',)20 -
1200 1'11.7'1;:' 46,Ml3 31.3'1'9 lA.31't.Q 1 jI~.? 7 1 

1300 1 ... 5\10 46.;:'56 )7.61.7 20. no 11 7 .602 

ll.lOO 1;1.11')(, 49.70] 3 ~. T f\ 7' 22.21.'\2 - 111'·.956 

1::'00 )'>.)10 51.040 3C ,693 2.11.220 11 .... 334 

leOO I 'I! .17(.0 5('.282 " .... 911l,' 71).lU - 11'5.7'34 

iTOO 1 Y • C~" 53.IlIiIO 3".Q3 7 2f1.0'}11 11".1 ~5 
1600 lo.91G 5.11.52.11 37,flBQ 2Q.9',)t 1111 .S'il~ 

1900 10,79';. S~.~43 3~. 7S7 .31.R]6 1 j'l.Ooc 
2000 !tI.69v 56 .50~ )O,64Y 3].711 lD.5'1! 

2]00 10,595 57.414 40./874 3<;.')70; 113,0)9 

2200 10.51') 5~.I'. 27 7 41.26 41 31.1130 11 ?SS] 

?300 1 d • II ~ 7 <;9.09Y 11:-,021 39.?7R - 1 P.081 

2'11.10 \0.)93 ')9,6R3 II? 7/1 ~ 111.170 111.623 

2~OU iO,3 46 1)0.t'l]3 /I ~. 4';1.l tl2.9SJ' - 111.176 

Dec. 31. 1960: Mar. 31. 1966; Dec. n. 1970 

"Gf Log Kp 

59.lIn 65. ~48 

09. 3~" 65 .ll9~ 
46.)183 
36.133 

2tj.9115 
r".JtJr 23. tl <l] 

7J .3541 ?0.0)9 
70,111) 17,099 
67 .S3~ 11.1,760 

64,71;;' 12.1;';7 
61.47S 11.196 
56.170 9,544 

520115 8.136 
1.17,50'5 6. 9 21 

42.9](- S.b65 
38,403 4.937 
33 ,905 4.117 
29.,UI'> 3.366 
211,997 ..... 7P 

20.567 2.142 
16.191 l.bOA 
II.an 1.1?) 
7,HO .680 
J.t/Hl .£7c:, 

SODIUM HYDROXIDE (NaOH) ( LIQUID) GN:: 39.9912 HNaO •. 
3298.15:: 18.13 -! 0.50 gibbs/mol 6Hf298.15 -99.6it1 0.5 kca.l/l'llOl 

T:m :: 596 ~K 6Hc O
:: 1.56 0.20 kcal/mol 

Th( to monomer) ,. 1830·K t>Hv·( to :t:tonomer) 4.1.9 kca,l/mol 

Heat of f'or'mation 

The heat of formation of liquid N40H at 298.15"]( is obtained from that of the crysta.l by adding ~HI:l and the difference 

between HS9S-H299 for the crystal and liquid. 

Heat Capacity and Entropy 

The adopted heo.'lt: capacitil;;s for NaOH( 0 in the t:ernpe~·3.turc range SS6" to 1000·]( are fr'om 'the enthalpy rneast:rements of 

Doi)glas a.nd Dever' (J). The he.i.t capaci ties below 'the melting point 4nd above lOOO"K lire exTt'apolated froo the experiJJl1!!nt.al 

heat cnpacity curve. Powers and Blalock (1) reported CpC .I.) ::: 19.6 gibbs/mol from ent'halpy l'lC'aSUrements, in a short temperature 

range, by drop calorimetry. The sll'lOathec. enthalpy data for N40H(O reported by Popov dnd Ginzburg (12,. lQ) arC from 0.2 to 

0.5 kcal/rool less 'thatl. the adopted values in 'the temperdture I"4nge 700· to 1000R1<. 

S298 is obt4ined in d manner analogous to that of the heat' of formation. 

Mel ting Data 

See NaOH(c) table for details. 

VapOI'izdtion Data. 

Tb it;; calculated 4S the teJ:lpie1'"ature lit which t.he free eneI'gies of forlNl~ion of NaOH(·O and NaOH{g) are equ41. The 

difference in the heats of fOl"l'M.tion of NaOH( t) 4nd NaOH(g) At the boiling point is the heAt: of vaporization. 

'..J4rtenberg and Albrecht (.:!.) reported a boiling point of'1661°K frot"! their sta.tic vapor pressure da.ta. However, 'these 

workers observed the presence of water aleer each experiment which may indicate some decomposition of the sample. (See 

NaOH( g) table for further discussion}, 
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Sodium Hydroxide (NaOH) 

( I dea I Gas) GFW • 39.9972 

T, 'K 

o 
tOo 
200 ,.. 
JOO 
.00 
500 

600 
lOa 
"'0 
900 

1000 

l1CO 
121)0 
1)00 
140C 
l~OO 

1600 
!rOO 
Ib()(J 

1'>'00 
?OOO 

2100 
nOe 
2300 
240() 

2~OO 

2600 
2700 
21100 
2900 
)UOO 

HOO 
3200 
3300 
3400 
3500 

)60(1 

)700 
)tlOO 
3'100 
11000 

.II 100 
4200 
/l)00 
1140C 
11500 

1l00C 
4700 
4800 
4900 
5000 

5tOO 
5200 
53UO 
5"1)0 
5500 

StoOO 
0;700 
5500 
5900 
6000 

----gibbs/mol---~ 

Cp" S' -(GO-H"'.I)ff 

,oou 
, .B"i~ 

iu.)Bh 
11.561 

11.5 7~ 
1£.1\\.1 
1£.]1} ... 

1Z.51'13 
1<:.091< 
l'( .U?~ 
U.9AIl 
13 .o~, 

IjolQt; 

105.310 
\..1,4?') 

loS.S)1.i 

1 J ,6)~ 

IJ.ny 
D.816 
14.895 
lJ."'.<!.tl 
14.034 

1",094 
14.14~ 

14.1 9 ", 
1 ... ?4'=> 
14.2 11 7 

l4.):>b 

1".301 
1'1.393 
14.423 
14.4"1\! 

1',.475 
)4.,,01;\ 

14.5'" 
14.531,1 
1".S''jt! 

1' •• 575 
14 ,'.)91 
1 ... 60t> 
14."'?t. 
1 .. ,':13<' 

1",645 
14.6"6 
1",660 
1".to7f) 
1" ,bAt> 

1'1, 7')~ 

,000 
43.879 
50.lrll 
54.572 

')11.6411 
58 ,O~6 
"0.791 

l'I3.067 
65.0111 
oA.r!? 
1'1/'1.235 
119.605 

70,1l")b 
7;;>.009 
73.079 
71i.078 
75.015 

75.898 
16.733 
77 ,~25 
78.278 
7~ .996 

'9.683 
1\0.319 
1'10.\170 
Iq.~75 

"12.151 

~2. 'HI 
~3. 200 
83.783 
114.i!(ld 
1'III.77!:! 

65-.252 
1'15.712 
A6,15!:! 
1'16,592 
87.014 

97.421.i 
1H.1I2'1 
i'lij.2t3 
116.';92 
118,963 

1'19.37.4 
.'19.677 
90,li22 
90.359 
'>10.689 

QI.012 
QI,)2!.i 
91.b.Hi 
91.941 
9;2.239 

92.531 
92.817 
93,097 
'"3.373 
Q3.644 

93.9,0 
QIi.!? 1 
9011.426 
911 .660 
".\i .929 

P~'INI ft. 
~ 3,960 
")~.599 

"iO.572 

~1l.572 

"5.034 
"jS.921 

I') 1.652 
1'12.1166 
6:;.7 11 3 
/\3.902 
64.666 

~~.360 
66,005-
66.023 
(, r. 711 
67.790 

"'1:1.338 
':'.'!.8('<; 
... 9.JOI 
69.f\?7 
70.35b 

70. e;l1 
71,272 
71.709 
1'2.134 
1:?54b 

12,950 
73,342 
73,123 
74, 09~ 
1C.IIS" 

H,8 j) 
75,1S9 
7";.11,96 
7':!,t'<2Y 
76.IS2 

76,469 
"~.1 79 
77 ,08) 
77, ) !'I I 
77 .673 

77 .960 
{,I:I,2111 
71'., "> If 
1'1i. 7A~ 
1'9.0':l1.i 

79,]15 
79.512 
79,825 
AO.0'3 
BO.317 

.40.~5!i 
P.O,794 
/11.02"1 
Bl,2'J6 
1'.1.41'12 

-----kcaJ/mol----_ 
}f'-if'_ 

?.721 
;: ,oo~ 
l,Otl') 

,noo 

,021 
1.209 
l.l.I),,) 

3.1\,53 
1l,911r 

6,223 
7.'511 
6, Po ll 

100124 
11.409 
12.7M 
140134 
1,).49) 

16. ~~Ij 
I ~ .236 
19.62'-1 
21.0!1 
22.111 r 

23.'124 
2<;.231'1 
26.1'15J 
2~ .076 
2Q.~v? 

JO.933 
3::>.367 
33.t\OS 
35.?06 
36.1\1:19 

38.136 
39,S64 
01.03') 
£12.111'-1'1 
IIJ.943 

4'5,400 
4to.55" 
4(1 •. HA 
49."19 
51.211) 

';2.706 
511.171 
55.1).37 
~7.1 Oil 
SA.572 

60.041 
61,'51\ 
6;>.',162 
6/l .(15) 

6').925 

61.396 
0.'1.671 
10.34t. 
71.620 
7].;""5 

711,1"11 
76"1l7 
17 .724 
79.;:Ot 
60 .... '9 

6HI" 

oQ .... 395 
IlIi,r29 
1.i7.0113 
47.;:>65 

017.209 
OS.12!'! 
I.IPj.3:':1' 

,Gr 

Ii"', lQ'S 
1l7.25 Q 

- ,,; .65 Q 

1.17.9t1 

41',915 
48,Ol.il\ 

- 48.0rn 

4.'1 .S5~ 47.910 
t.~. 700 Af. 7118 
O~ .91 I - liT, 6111 
~ 9.07 b 4' ,<171 
t,9.231l - II r. ~l\il 

09,llUII 

n.'ItO 
n.no 
77.72A 
17 • ..,65 

77.f,1J.? 
7?595 
7?54\1 
72.50'" 
72.459 

72.41 4 
77.)72 
77. )31) 

,,,.'91 
7l.t'SS 

".n! 
7'.191 
7'.166 
n.143 
72.126 

n.112 
72.1001 
n.l03 
72.107 
7";?.116 

72.\<;9 
77.21.l5 
7'.300 

12 • .'l~ , 
r'.44b 
n,')3' 
72.61\<.1 
72.70' 

n.91\.1 
74.1'>17 
711,')06 
f4 .p,<I~ 
7').n7 

1'''>.64.1 
76.09t1 
7 .... '3'>1':J 
77 .138 
77.726 

.. 47,08? 
116.40" 

- 44.207 
42.012 
39.81 9 

J7 ,6;>9 
35.lII.Ij 
H.:?~a 
:n.07,) 

- 2f! .697 

... 26. i?I 
24.54(. 
22.374-
20.200 

.. 18.0)4 

15.663 
13.697 
It. ':>]3 
9.J6C 
r.20\ 

5.031'1 
2.614 

.Tl1 
1.451 .. 
3.6\"" 

10.113 
12.771-
14,44<; 

16.611' 
1f).715'" 
20.961 -
23,133 -
25.31 4 -

2.7 .495 
2 9 .619 
31.866 
JI;; ,OSQ 
Jt>.7S4 

38.II';R -
40.6f10 -
47..671'1 -
45.09{1 
IIl.3!5 

49.5115 -
51,785 
5il .0311 
~ti.?Q? 

5" ,')~1l 

Dec. 31, 1960; Mar. 31, 1966; Dec. 31, 1970 

Los 1<. 

!20 

311.906 
2b.2">2 
20. "'AI 

9, lSI! 
1I.4S? 
7.113{, 
6,556 
5.6011 

156 

2,161 
2," 3~ 
2,1<-'6 
1.d)9 

1. ~f7 

1 • .333 
1.109 

.900 
,706 
.S;!"5 

.]55 

.196 
,047 
,093 
.n6 

.351 
,1.16<,1 

.56? 
.bA8 
.'15Q 

.6S<,

.'He 
1.°1'15 
1.1.1:19 
1.l29 

1.306 
1.3M 
1 
1 

1. b4~ 
1.709 
1.7611 
l.tI?5 
1.&80 

1. 9 34 
1.9"6 
2,O:V' 
2.06"::1 
2.133 

SODIUM HYDROXIDE (NaOH) (!DEAL GAS) 

Pain t: Group C<r>y 

S298.15 5-4.57! 0.10 gibbs/mol 

Ground Std.tc Quantum Weight 

Vibra.tional frequencies and Degeneracies 
-1 
~ 

lJJl 0) 

337 (2) 

(3650) (1) 

Bond Distance: Na-O:: [1.93] A O-H" (0.97] A 

Bond Anglc: Na-O-H = 160 0 

Ro"td.tional Cons tan t : SO" 0, I< 2 5 70 cm-1 

HeAt of FOI"rnation 

GFW ~ 39.9972 HNaO 

uHfC; -1<5,4 3.0 kcal/mol 

JHfi98.15 -47,3:!::LO kcal/lOOl 

The bond dissociation energies of 'the alkali metal hydroxides have been the sub] ect of 11 number of investigations (h-::') in 

recent years. The ;na]ority of this work has involved equilibrium studies on "the I"'eactio:1 A(g) +- H
2
0(g) " AOH(g) + H(g). where A 

is ar. alkali metal, in hydrogen-oxygen-nitrogen flames containing water'. In the case of NaOH, ddta are sUmr.larized below. 

Investiga<::or 

Jensen and Padley (~) 

Method 

Flames 

Cotton and Je;1kins (~.> flames 

Reaction (A) Na(g) + H
2

0Cg} 

B..~action 

NaOlHg} .. H(g) 

No. of 

Peints Temp. -K 

2475 

2030 

JHr~) kcal/mol 

3 ... ,1 1"aw 

40 . .$ 

36.6 

DO(Na-DE) 

kcal/mol 

77,9 

81.8 

We no"te that Cotton and Jenkins (~) in the sa:ne paper repor'ted bond dissocid.tion energies for LiOH(g) and KOHIE) which are in 

r'edsonitblc agreement with JANAf values (~) for the heat of formation of these two compounds. Furthermore, bond dissociation data 

for "the alkali m~tal halides (1) clearly establish the sodium compound as the least sto.'!.ble within each halide series. The 

potd3Sium iUld sodium compounds differ by from 4.3 kcal/mol for 'the fluorides and brolltides to J.S kcaillnol for "the chlorides. It 

seems most likely that this same trend in "the bond dissociation energie.s would apply to the hyd~oxides 3S well. Based upon these 

co::"'~lations, we adopt DO(Na-Oll) ::; B1.5 ! 3,0 kcal/mol with DO(K-OH) - DO(Na-OH} :: 3.9 kcal/mol. 1"h.is value cOM"'esponds to 

uKf 29S {NaOH, g) " -1<7.3 ~ 3.0 kClllhno1. 

Wartcnberg and Albrecht (1) determined vapor' pressures for NaOR(.o in the temperature range 1233_l581 0 K by a static method. 

In order to evaluate ilHv 29S (NaOH, 0, we have used. a trial a.--:.d error variation of MI'l298 for the monomer and climer, such that these 

vdlue" are in accordance with t:he adopted heat of dimcriza.tion (See Na
2

CN0'2(g) table), and the sum of "the calculated partial 

pressures for NaOH(g) and Na 2 (OH}2(g} is in good agreement with the expe:r'imen'tal vapor pressur-e datd.. The resulting values are: 

6H"i98(t"o manomer) :: 48.25 kcal/mol and ilH"i9S{to dimer) '" 1<5.8 I<cal/mo1. From the heat of vdpo'!'ization of the monomer, we derive 

':Il-l:'i9SCNIlOH, g) :: _51.4 Kcal/mol. This value corresponds to A bond dissociation energy for NIlOH{g) that is slig.'I).tly gre4ter tha.n 

the adopted v4lue for KOH(g) (.?), and thus not in line with the established trends in discussed abOV-l!!. Buchler and Berkowitz-

Mattuck (~) in their revi.ew on gaseous ternary compolmds of the alka.li metals point to decomposition of NaN! in the condensed 

phase with a resulting ch,mge in composition .!!os the major probleJ1l. in the interpretation of thermodynamic measurements on this 

sys1:cm. Until the nature of the condensed phase and the relationship betwcen the vapor and condensed phase contpOsition for 

NdOH{t) dre established, a.'1 accurate heat of vaporiZation will remain undetermined. 

Heat Capacity and Entropy 

The infrared spectra of matrix-isola.ted N",OH Bnd NaOD have been recently observed by Acquis"ta and Abramowitz (9). The 

dlkali-metal-oxygen stretching frequency, VI' and "the bending mode, "'2' for' NaOH were assigned as i.t:n Me! 337 cm-l,-respect;ivelY~ 
by these workers. The isotope !ihift of \)2 was consist"ent with a linear structure for NaOH having bond lengths of 1.93 and 0.97 A 

for the Nd-O and O-H bends. we have adopted <I linear configura"tion for NaOH with 'the bond lengths and frequencies given above. 

SpindI' and Margrave (lQ) aS5igned VI as 437 t 10 cm- 1 for NaOn which is in good agreen:en't with the adopt<!d value. The O-H 

stretching frequency, \)3' was estirn.sted by Jensen (lQ). The principal moment of inertia is 6.5599 x 10- 39 g cm2 • 

K~f~ 
1. n. Smith and T. H. Sugden, Froc. Roy. Soc. A, Ill, 204 (1953). 

2. D. L Jensen and? J. Padley, Trans. faI"4day Soc., g, 2132 (966); b. D, E. Jensen, J. 'Phys. Chem.,~, 207 (1970). 

3. M. J. McEwan and L. f. Phillips, Co:rrbustion and flame, 11.. 63 (1967). 

It. D. H. Cotton and D. R. jenkins, Trans. Faraday Soc., ~. 1537 (1969). 

5. JANAf Thermochemical T4.blcs, The Cow Chemical Compa:1y, Midland, Michigan; LiOH(g) dated 3-31-56. KOH{g) dated 12-31-70. 

6. JANAF DATA; See recent review of the flUoI'ides by J. c..'140, Therrnochirnica Acta, ]" 71 (1970). 

7. H. von Wal'tenberg and p, Albrecht, Z. Elektrochem.., 12, 162 (l92l). HNaO 
a. A. Buchler and J. B. Berkowi"tz-Mattuck in "Adv4nces in High Temperatu:N!! Cherrdstl'y," VolUme I, Ed. by L. Eyring, Acade.roc 

Press, New York, 1967. 

9. N. Acquista and S. Abr'eueowitz, J. Chern. Phys., g, 2911 (1969). 

10. L. H. Spinal' and J. L. Hargrave, Spectl'Ochirnia Acta, g. 244 (1958). 
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Sodium Hydroxide Unipositive Ion (NaOH+) 

( I dea I Gas) GFW - 39.9966 

-- gibbs/mol---_ kcal/mol 
T, ~K CpO S" -(GO-WuI)ff HO-H~2NI 6Hr AGr 

0 
100 
200 

'" j 1.!72 ".>7.962 -:,7,962 .O{)O 1(>1.000 1511.8S6 

30O 11.1ti:' '.18.03".. ,>7.962 .022 162.001'1 156.636 
000 12.2"''; 61.49", 51;.1131 \.nl'l 161.660 \57.165 >0, 12,0;60 f1a.256 59.l29 '.46] 161.9)9 156.1115 

600 12.bJO 66.':1115 flO.Jlll l.lt'" 162.:)(1] 15'3.126 
70O 1 .... 751 bS.S0? 61. )7') 1I.9AB 16?".>6;? 154.61J 

'0' 12.f:l67 70.712 "'2. )75 .... 76 Q 162.89,l 153.455 
900 12.9A,;! f1,1 J4- 63.3)2 1.562 163.'30 1"2.256 

,000 lJ,I05 1'3.1 Mil 611.?1l(? )\,/.\66 16J.569 151,01 9 

1100 13.126 74,363 6S.10t. ,nol6] 163,904 149.716 
1200 13.)44 75,S19 1')5,90''' 1\.S 11 ti!O.99f IG";.90\ 
1300 1 j .Q'::oT ret.')9? et6.TOb P.8S1 1111.:'31 1.tII9.'B6 
'1.100 I j, S6~ 1T .~93 67 •• U8 111,203 lC2,079 ISO,I)3 
1500 13.66') 78 .~)? 6tj.!,)'" t ~ .564 \42."n 150,691 

\6(10 \3,7'57 79,1;Ql 68, 8 ~2 1"',93') 1 11 ).16'5 1'51.21 0 
\ 1'00 13,BQl IJO ,2')~ 69,41.10 111,,31'; \ tll,1' It \5\ ,697 
1 tin 0 13,910 iH.Oli7 70,101 jQ,704 Itl4.251 152.1'51 
\900 \3.99.: 8\.801' 70.697 21.099 \ 1l1.i.802 152.'576 
",!{)OO 1 11 .056 82.571 71.2711 n.502 \4').3111'" 152.'H.9 

2100 14.116 fl3.20B 71.8n 7'.910 1/1').13159 153.]311 
nOD \1I0161,l fl3, ~66 72.355 2'),)25 1/1 .... 4)0 15).67f1 
nllo IU,219 /lU,tl97 72.1'16<,1 :?6, 7 II. ~ 1 111 .... 971 1. '53. 99'S-
74(')0 14.:("'J fiSc. 10] 13.367 711,.!6 R \4'. ~o;r. 15a.292 
'~no 1'1. )011 "'50.681> r) • 8 41~ 29.'S-97 14R.044 15-'1.560 

7600 t<l.J1:i2 86.:-'·)8 74,314 )\.029' lC"'.<;15 154.e12 
1'700 1",)76 66. '90 111.7,,& 3?4e.S 149. ,03 1S5.01110 
;>!:lOO 1 11 ,401 .tI7.3tt 75.21')5 :13.90. ,49.6.,,1'l 155.250 
;>\1(')0 1".II]b f:l7.b?(l 7!:..631 )').346 1':10.11l9 155./iQ!i 
3000 ILI,lIlij fl6.309 ft,.aIl6 ) .... /91 ISO,hll1l 1 S~ .618 

nllO 14.4/37 fl8,lfl4 fe.li4Y Ji!'l.239 151.1 1 5 155.77J 
J21l0 Ill, ~1 0 ~9, ~Q4 fe,BIl2 )Q.6!.19 1"1.6,:11 155.91 11 
1300 \(1.'131 119,691 71.224 /;,101 11 1 I ';7. I 1'41 15"'.0)8 
1400 '''.550 90.12') 77.597 ,Q2.'?9'5 152./'Ir5 156.1116 
'SOD 1".5"'1:1 90. ~1I7 71.961 ,QII.051 1,)3.1/>1 156,245 

J600 IIl.58!> 90,955 113 •. 3\7 ,Q'j.':iOR 153.639 156.325 
HOD 1".&01 91.3')11 16.66Q 4 .... 966 15 0 0110 15".)91. 
JtjOO 111,615 91. (07 '9,00) '" ~. 112 9 150,5711 156.45 0 
1900 I £I. 6?~ 92.121 '9.llS ,Q<J,P-91 155,0<6 151'.,490 
4000 1".61l2 92,491> 79,t.S9 51.354 1""'.1167 156,522 

.!lIDO 14.6')4 Q2,660 (9,9T7 52.t\t9 155,899 156.5116 
Q200 11.1 .66~ 93.2)3 1\0.2F\~ SQ ,285 15fo.l16 156.5541 
43()O 1".67r.. 93,55 11 BO,592 5".752 \5"'.7211 156.556 
4400 \".6 Ae 9).tl9'j 60,R9) .-,r.??o 1ST 0115 156.546 
11500 1<1,6 9 (1 'HI ,276 1.I1.18J 5 11 ,68\1 \5' .490 156.530 

11600 \<1. r05 9Q, ~Q9 61. 11.7\ 61).\60 157,1.1.119 156.505 
'!700 \G.7\4 911,665 ill.752 61.631 15~.1 R9 156.472 
16no ill. r~j 95.1 ('; 112 .O2~ ';l.,O2 t Sfl.~09 156,432 
11900 ll;i,1.H 9S,lJl" 82.300 ... 4.':ii''; 15 11 ,807 156.)67 
.,000 \1.1.7311 9S,n" JJ2.567 6"'.OQ9 15 9 .01'9 156.)J2 

"'loa 1<1.747 96. U6~ 'I2.8;?8 /)7 .5?3 159 ,)26 1:>6 ... 78 
">200 14.7'.i1l 96.3">5 11,3.01'16 6~, 998 \59,""16 156.212 
'1J()O I !.I ,7r.. 1 96.616 a3.))9 TO,uro 15 9 .7)6 t Stl.ISI 
'1qOQ 1'".7,c,g 96,912 i'll.581:1 7\.9,0 1S9.~92 156.078 
"'>')00 I I.!. rr~ 97 ,183 e). an 7:;,1117 7 16°.°12 156.006 

~"oo 1<1.762 Q7.<l4? 8f1,073 IIJ.905 

~roo \4.76'11 97,711 "''1. JI0 lfl.J811 
~flf)O \4,790 97. 9 ... fI 84.'511,3 n.R63 
",900 1 4 .flO2 
"'I)()O \11.809 

lAg Kp 

116,1144 

.. l15.712 - 86.210 
68,5)1 

. ~6. 723 . 46.272 
41,922 - 36.973 - 33.00S 

29,752 - 27.119 
2'5.140 
23,4)1 
21. 9 56 

- 20.6SI11 - 1 9 ,502 
15,47111 
17.5,)0 
16.716 

- 15.958 - 1'5.167 - \a.633 
la,O'50 
1).512 

13.013 
12.')50 - 12.118 - 11.715 - n.337 

10.91)2 
10.6a6 
to.])4 
10.Q37 
9.756 

- 9."90 
9.'236 
6.996 - 6,769 
6.552 

6.345 
8.146 
7.95 7 - 1.7Tf;, - 7.602 

7.436 
7.276 
r .ll1 
6.915 
6.aU 

- 6 .~97 
6.565 
6,11')9 
6.3t r - 6.1Q9 

SODIUM HYDROxlDE UNIPOSITlvf, rON (NaOH-+) (IDEAL GAS) Grill :: 39.9956 

Point: Group [Crnv J aH.fO :: (161 j: 25 J kcal!mol 

S298.15 :: (58.0!: 2J gibbs/mol llHf298.1S = (152 25J kcalilnol 

El~ctr()nic Levels and Quantum Weights 

Stl!l~~ 

'IT 

&i' cm-
l 

22;+ (32000 1 

~ 

VibTational frequencies and Degeneracies 

Bond Distance: Na-O:: [2.00 J A 

Bond Angle: Na-O-H = {leOJ~ 

-1 
~ 

[400J (1) 

[300] (2) 

(3600J 0) 

0-H::[1.031A 

Rotational Constant: BO:: [0.39635) cm- l 

Hedt of form4't'ion 

HNaO+ 

Beckett and Cassidy (1) selected the ionization pot:ent:ia.l of NaOH as 9.0 :: 1.0 eV (207.5 l' 73 kCdl/:nol). A 

medsured v.sl'.4e of roughly 9 eV has been :eportcd by Schoor'J!laker 4nd Porter < .. V' Combining this result with JANAF 

auxiliary data (~), we derive uHf O (NaQH , g) " 161 -= 25 kcal/mol, which is tentatively adopted. 

Heat cap~city and Entropy 

NaOH' has seven .... alence electrons. Accc:t'ding 'to the correlation dL'!.gram of Walsh {~J for HAS type molecules, NaOH 

should be linear with the unpaired electron in a pi orbital. Therefore, we ~ssurne the ground stat!! to be 2 11 , A first 

excited stdte is estimated <1.t 37000 cm-1 to be 21 by analogy with the isoelectronic molecules OK (2) and SH (.:!), The 

removal of a bonding electron from NaOH to form NaOH+ should lead to l-feaker bonding in the positive ion. Consequently, 

the vibrational frequencies are estimated to be somewhat lower than those for NaOH, Similarly, the Na_O and O-H 

bond distances are increased slightly over those for NaOH. 

The enthalpy at 0 K is -1.795 kcal/tI'.ol. 
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HYDROXYL (OH) (IDEAL GAS) GN = 17,0074 

Ground State Configurat:ion 2n .1HfO 9.35!; 0.04 kcal/rnol 

S;9!LI5 43.88 O~Ol gibhs/::lol D.Hf298.15 9.492 0.04 kcal/mol 

Electronic Levels and Quantum Weights 
-1 

"e 
3735.21 cm-l. 

Be 18. Bn cm- 1 

~1:~ _~b_~_-=~ ~ 

x2nl12 
A2I,+ 

139.7 

32l.140.5 

!<) x = 82.131 cm-1 
• e 

.:le 0. 71~ cm-
l 

(T = 1 

r'e ::: 0,9706 

Heat of Formation 

P. Gray (J) has summarized the detet'minations of the heat of formation of OH and concludes that the short 

extrapal",'tion, by Barrow (1), of t;he vibrational levels of the A2 1"" s1:ate gives the most reliable value. This 

HO 

value nO " 101.35 l:: 0.3 kcal/mol corresponds 'to .lHf29S (OH, Z) 9.~1 ~ 0.3 kcal/mol. Rec!'!nt1y CarlOne and Dalby (1) 

have: restudied the spectrum l:nde'r higher resolution and have revised the value to DO ::: 101.27 !: O.O~ kcal/mo1 ot"' 

ilHf29S(OH, g;) = 9.1<92 kcal/mol, which is adopted, 

Heat: CaPdcity and Entropy 

The molecular constants were all listed by Herzberg (~). The present calculation is in excellent agreement with 

the c41cul4tions of Baal" et: a.!. (.§). and wi"th those of Johnst"on et aL (.§.) 'to 4000·K. Above ~OOO~K there are 

discrepa.ncies due to the use. of different fundamental constants and a: different ground state splitting const4Jlt as 

well as the inclusion of the A2! state. 
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HYDROXYL UNIPOSITIVE ION (OH+) ('[DEAL GAS) GFW 17. OOf,jB 

Ground S'tdte Configurat:ion 3 r- t:.Hf; = 313.3 2.5 ked/mol 

5i98.15 :03.66 0.05 gibbs/mol ':";'U 29S , 15 314.8'! 2.S ked/mol 

Elcc'tronic Levels and Quantum Weights 

Heat: of Formation 

" 0 . 
B. 

St:ate 

~ .,. 
,'n 
bIL+ 

[3135 t 100) cm- 1 

16,776 em-I 

-1 

~ 

[ 17700) 

22949 

29150 

WeXe ':: (89.3 

a " . 0.728 cm-1 

~ 
3 

SO} crn-1 o :: 1 

r " . 1.0289 

HO+ 

The ioniza'tion potential of hydroxyl h4S been det:ernlined by Hdnn et al. (U as 13.6 eV and by FaneI' 4l"ld Hudson (:2) as 

13.18,= 0.1 eV, both by electron impact n:ethods. These values correspond to l!~fo(OH+, g}::: 322.97 kcal/mol and 313.2;.t 2,5 

keel/mol respectively. Metzger and Cook '.?) have reported the pho'toionization onset of the process H
2

0Cg) + hv ... OH+ + H + c

dS 18.3 eV , with JANAF auxiliary data (~) this gives <1Hf~(Ort, g) ::; 313.3 kcal/rnol, whieh is adopted. 

Hea't Capacity and Erl'tr'opy 

The mea.su~d electronic levels are those repol''ted by MereI' ct al. (.?), the rotational constiltlts are derived from this 

analysis also. The es'timated electronic level is fI'om the liartree-Fock calculations of Cadc (§). 

The vibrational constants are estimated so that lIGll2 is equal to tha:t reported by Merer et al. (.§.). The anharmonicity, 

wexe' is estimated by cOl!lparison with QH and Nfl. Calculations of wexe based on the Morse pot:ential curve and the relation 

we
2

::; I.IBe
3

/De • or 1l:I0
2 

::; tlUloxoDo (J) do not appear to yield values which are. preferable to our estimates; this is due 'to 

the inexactness of the potential for ionic molecules. 

The value of Hr -H 29B at O"K is -2.06 kcal/mol. 
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HYDROXYL UNINEGATIYE ION (OH-) (IDEAL GAS) GF" '17.0079 HO 

Grou.nd State Configul"'4tion II+ OHfO = -32.85 0.9 kca.lhool 

5298.15 -: t'41.19 1: 0.2) gibbs/mol LlHfi95,l5 -34.32:t 0.9 kCCl.l/mol 

Electronic Levels dnd Quantum Weights 
-1 

ti' em ~ 

("le :: (3770) c;n-l WeXe (74.7)ctr\-1 a = 1 

Be = (19.2 J cm- l 
ole t 0.65] Clr.-

l 
r'e = (0.9628) A 

Heat of Yorl:l.ation 

Sroanscomb (!.) has obtained an electron &ffinity of OH of 1.83 ! 0.04 eV (42.2 :t 0.9 ked) from the phot"odetachment 

spectrum of OH-. The vibrational st:~te was identified as the ground state since no other absorption sequence could be 

detected by oil thorough search. Kay and Page {l) h.s.ve also determined 'the electron a.ffinity by 'the magnetron method and 

report 49.1 at l820·K. which reduces to 40 !: 2.7 kcal at: O·K. They <'I.lso disc.l.aim prior papers, P~ge (1) and Page and 

Sugden (.!). vhich supported higher values, Feugier d.."id Quer.s.ud (.§.> h,'lVe reported an electron affinity at: 2250"K 0: 
2.13 eV (49.1 keal) which reduces to 31 7 kCdl at 06 K . We adopt the value r-eported by Branscomb C.J) which yields 

o.IHfoCOE-, g) ::: ~32. 85 ked/mol. 

HeCl:t Ca.paci ty 4nd En tropy 

Branscomb (]) deduced fro:n his photodetachlnent spectra that we' Be and re lire very close to the values for OH(g). 

Our adopted vd.lues are ft'om the calc:ul.stions of Cade (&) corrected for the mean deviations in OH and HF. The values 

of "-leXc and Q.e were estimated by comparison with OH(g) and o'ther related hydrides. The ground state configuration was 

aS5uz:-,ed to be that of HF(g) wit:h which OH- is isoelectronic:. 

The value of HT-H
298 

4t O~K is -2,057 kcal/mol. 
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SILICON HONOHYDRIDE UNIPOSITIVE rON (SiH~ J (!DEAL GAS) eN :: 29.09342 

GI'ound Stiltt" Configura'tioo l Z ~ 

S;98 15 = 114,617 ~ 0.001 gibbs/mol 

w ~ 

e 

'. 
lieat of formation 

2157.1 

-1 7.5603 em 

Electron'i.e Levels dnd De;>:('>neraci es 

State ~c_~-l ~_~ 

Xl!. 

Aln 

"'cXe 

a 
e 

25025.2 

-1 
34.21 cm 

0,2096 crr,-l 

uHf'; :: 272.5 2.7 kcal/mol 

uHfi9S.15 274.3!; 2.1 kC411r.'lol 

<:] :: 1 

". 1.499 A 

According to Douglas and Lutz (1,) 1:1".10' A st.at~ have <in extremely shallow po'tential curve since th~ obscrved 

first vibrational qUantum is only tlGif"l = 390.:1 em-A. Since no other levels were observ€d 'they estima.ted ..,~ and 

"'ex~ for thc A state from !lG1!2' (l~ and B~. fro<n the estimated "'~ a'1d wcx~ they obtained /l; dissociation limit of 

1180 em-I. Thus) the dissocidti.on limi't the A state is likely to lie tle'tween 390 and 1160 em-I, on this basis 

Douglas .:l.l'ld Lutz select DO:: 760 ! 500 Since SiH" can correlate wi"th nOY't:'.al pY'cducts Si"(2 p ) and H(2 S ) in both 

the X and A states these dss\.ll:'.ed to be the p't'oducts. Thus) the dissoci.a.tion energy of the ground state 'to 'these 

products is 25805!: 600 (73.78 ~ 1.7 kca!). \-.'ith t1Hf;CH, g):: 51.531!: 0.001 kcallmo1 q) and uP-farsit, g); 

294.626 -! J,O kcal/mol (2) we ob'tain ':'Hf;;(SiH • g) = 272.5 t 2 7 kCdl/mol, whier, is .J.doptad. This gives an ionization 

pot:ential of 182.9 kcd (7 9 3 eV) wi tn the JANAF value foY' SiH <.~). 

Hea"t Capacity and Entropy 

The <:ll~ctI'onjc levels dnd vibr-ationaJ. and rotational const:ants are all from Douglas and l.I..l1:Z (}). 

~ 

1. A, E. Dougl<ls and B. L. Lut:.!;, Can. J. Phys, ~, 21/7 (1970). 

2. JANAf Thermochemical Tables. H(g) 9-30-'05; Si(g) 3-31-67; SiH(g) 12-31-69; Si·Cg) 12-31-71. 
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Potassium Hydroxide. Dimeric (K
2

0
Z

H
2

) 

(Ideal Gas) GFW - 112.2187 

----gibbs/mnl---. kcaljmol----_ 
T, OK 

0 
lOu 
200 , .. 
300 
.00 

'" 
.00 
700 
000 
900 

1000 

1100 
1200 
L300 
1400 
1500 

1600 
Huc 
18na 
1900 
2000 

2100 
2200 
2300 
2400 
2500 

7600 
2700 
?/:Ioa 
29QIJ 
3000 

llVO 
3200 
3300 
3.1\00 
350(.1 

36UO 
3100 
3t<oO 
3900 
41.100 

4100 
420U 
(0)00 
UAOO 
'1500 

10000 
4700 
IdflOO 
11900 
'}OOO 

'5100 
Sloe 
530(1 
5400 .,,,ou 
.,600 
5700 
5800 
5900 
6000 

cpg SO -(G"-H"UI)/T H"-liouc AH'" 

.00Lo 
1 J.560 
I (.b811 
1'1,465 

1'J.149b 
n,013 
2;:.'15. .. 

23.570 
24." ~tI 
2~. 23'Y 
2~ .879 
20." 3~ 

20, 97~ 
'-'.3!-2 
21.751 
20.1.0" 
20,1112 

20.1'192 
<'0.9113 
2'1<.t/'l1;l 

2'11.37(1 
2Y,5'5? 

3u,330 
3\1,tln 
31.<,50-; 
3u,5R2 
JV.6'5£ 

3u,717 
3v.77b 
)v.d31 
lV.ClAl 
JU,92t1 

3u,97£ 
J, .017 
31.05u 
Jl.0fl5 
31.117 

31,140 
.ii.17b 
31.20) 
Jl.2?tl 
J1.2";? 

Jl.27.1l 
JI,295 
31.3101'1 
J1.333 
H.35Q 

31,411 
31."24 

Jl,(l]1 

J 1.0149 
31,460 
31.1.171 
3l,II82 

.000 
60,002 
70,956 
78.366 

lf1.l.l87 
RIi.315 
119. !I'U 

93. )66 
97,072 

100.392 
103 •• 03 
106.159 

1011.702 
111.063 
113.269 
115,339 
117.2f;H1 

119.131 
120,670 
t2?'B9 
P • .122 
125.0)3 

127.079 
120.1164 
129.79!1 
131,074 
132. JO~ 

133.494 
134.6110 
135. Tilt! 
136.820 
137.85t! 

13e ,8611 
139.640 
140.7M 
1'11.109 
1112.60~ 

1113.477 
1114.326 
145.1';11 
11.15.961 
146.711S 

147.51 7 
148.268 
1 49.00" 
11.19.719 
ISO.lIll 

151,105 
1'>1.781 
152,440 
1'1).01.10 
l"B.7l9 

1501'1.340 
15t..950 
15!).SIif 
150.13~ 

156.711 

157.277 
J51.B3 4 
1')6.381 
156.919 
159,Utl 

I/oiF lNnE 
94.314 
110,092 
It!.360 

16.360 
79.150 
110,682 

82.454 
64,283 
1'16,092 
87,oS'51 
1'1\1 ,'5t10 

91.113 
92.733 
Qll.229 
95 .66~ 
97.0111 

98.365 
99,631:1 

tOQ ,66'::0 
102.047 
10 3,1811 

104,793 
10~.360 

106.39,Q 
107,396 
108,367 

109.311 
llO.?2!! 
111.120 
111.9058 
112.('33 

113.6~0 

11 4 .4'S~ 
115.243 
U6.000 
110.755 

117.465 
111:1.199 
lIe.tl9tl 
IIY,')81 
120,l'>l 

170.900 
121,51>Y 
122.11'9 
122,797 
1?3.l!OJ 

123,996 
1;>110.582 
125.1'J5 
125.119 
1?e.,27l 

120.1517 
177,35;( 
1;:>1, 67~ 
1;:>/;.396 
1?8,906 

171<,407 
1:1'9,901 
130.387 
130.866 
131,HtI 

4.1115 
3.4]1 
1.5'1 

,000 

,03(. 
2.006 
11.244 

1>.5.1l6 
11,952 

11."140 
13.997 
16,1"113 

19.261 
21.'H6 
24.752 
27 ,545 
30.371 

33.226 
)6.106 
19 ,1J\4 
AI.9'11 
lHI..8t1i 

H.6~t 

50.830 
53.623 
56.629 
59.847 

62,875 
6'5,912 
68,959 
72. fl 13 
T5 ,(115 

76.1113 
61.21'1 
$1I.29R 
aT ,lOll 
90,'17<:1 

93.51;9 
96,669 
99.772 

102.tlT9 
105.989 

109.102 
112.21R 
115,331 
118.4')9 
121.58) 

]24.709 
127,638 
1 )0.966 
134.100 
111.2:i4 

140 ,370 
1 4 ).506 
1 4 6,647 
1 49.7a7 
152.929 

1':i6.072 
159 .216 
162.362 
165.508 
166.656 

.. 1'53.4]0 
154,'2 7 
15'5.667 
156.'500 

151'1."i16 
158.'519 
159.257 

1"i9.BoO 
160,361:1 
160.S0ts 

.. lol.lOt 
161.5 7< 
199.143 
199,60Q 

... 199.<l4J 
199 .262 
199,067 

.. IQi'I.1l6\ 
1 Q~. 6~ Ij 
~ 'lP,." 20 
191; 019'1 
197 .963 

t 97.732 
197.'507 

.. 197 .2~-' 
197.060 
196,861 

19':>.902 
19 ".601< 

.. 195. rll2 
19S.7()1I, 

.. 195.697 

195.725 
.. 195.7'112 
.. 195,902 
.. 196.0!)9 
.. 196,269 

.. ! 9b,537 
196.86 9 
197.2'67 

- 197.74) 
... 198.)00 

19 8.944 
199.683 
'OO,52l 
201,lI6l 
102.523 

.. 203.697 
- 20ll .991 
.. ,06.4()9 
.. ?or ,956 
... 709.630 

.. 711.434 

.. ?13,3(>4 
'1'),421 
21 r ,(>00 

.. 219.897 

"Gro 

15J.1I)O 
152.1147 
101'19.r92 
146.733 

1.1I6.672 
IllJ.O.la 
139.081'1 

134 .994 
1)0.608 
1;{o!o.5'57 
122.'0:.0 
117.90) 

111,471 
103.01150 

95.01'146 
07.1051 
79.470 

71. 'J01i 
03.552 
.o:.'S.f..12 
47.68') 
39,76f\ 

31.863 
23.f,l70 

.. 16.089 
8.21 ] 

• 3~/I 

1.510 
1'5.J5/1 .. 
23.195 
31.0)fI 
Jt'I.865 

1,,6.695 
5.(1.52 0 
62.33f1 
(0. )'}') 
77.976 -

65.800 
93.618 

101.1142 
109.265 -
117 .099 

12110.9)7 
13<'. rS2 -
1 011 0.638 
1018.496 
156.37'5 

164,266 
172.170 
1&0,094 .. 
lIH~.029 

195.'1(i11 

?03.975 
211,973 
220.011 
228.0,)9 
236.1:'1 

20l1l.:nO 
l5?112 11 
260.615 
268./S.Q5 
271.114 

June 30, 1952; Mar. 31, 1966: Dec. 31. 1970 

lAg Kp 

1 '-Ir JNJ Tf 
333.173 
163.685 
107.558 

106.1:1';0 
TIl.156 
60.795 

49.172 
l.aO.IlIIQ 
311.57.(1 
29,686 
25.766 

'i,767 
a.170 
6.1')2 
5,liBS 
.Q.346 

3.316 
2.li!1 
1,:'29 

,748 
.031 

.edl 
1,24) 
l,elO 
:<,,339 
2.e31 

3.29;> 
3.7711 
4.178 
1l.,'.::olO 
4."69 

~.l09 
5,',)]0 
5,83" 
6.12) 
6,39t1 

6,660 
0,909 
7,1148 
7.376 
7.595 

7.1:1014 
8.u06 
8.200 
0.386 
b.5.b6 

8, 714 1 
H,909 
9.072 
9,230 
"".364 

9,'::1)) 
9.6H 
9,t!'liJ 
9.959 

10,094 

POTASSIUM HYDROXIDE:, DIMERIC {K
2

0
2

H
Z

) (IDEAL GAS) GFlI 0 112,2187 HZKZOZ 
Poi::. t Group C2h 8HfO _153.1.,1 3.0 kcal/lfJ'.)l 

S298.15:: [7B.4 2.0] gibbs/mol i1Hf;98.1S:: -156.5 ~ 3.0 kcal/wl 

Ground State Quantum Weight 

Vibrational frequencies and Degeneracies 
-1 _1 
~ ~ 

(273) (1) (3700J (Il 

(150J (1) (3700] (1) 

[235J (1) (1250J 0) 

(1501 (1) (1250] (1) 

[255J U) (1250) (1) 

[258J (1) [1250] (1) 

Bond Distance: K-O:: [2.113) O-H :: [0.96] 

Bond Angle: K-O-K:: [90"] K-O-H ':: t 110" J cr::: 2 

Product of the Moments of Inertia: IATaIc:: (3.7587) x 10-113 g3 cm 6 

Heat of formation 

uHf 29il (K 2 (OH):z, g) is calculdted from the heat of dimerizdtion, ilH
29S

Cdimerization) :: -45.3 !: 3.0 kcal/ool, and the 

heat of formation of the monomer, bHf198 (KOH, g) ';" _55.6 t 3.0 kcal/rnol. See KOH(g) table for details. 

Heat capacity and Entropy 

A key to the molecul .. ·u' structure of K2 (OI-l)2(g) is provided by the work of Btichle(' et al. (.!) which involves the 

electric deflection of :mo1ecuiBl' beams of Cs2(OI"02Cg) and Na 2 (OH)2(g). Their results indicate that these direct's are 

nonpolar <lhich iJ:'lplies a planar structure for at least the 1":202 part of the molecule" The three models proposed thus 

r",r Ior the dime ric alkali m~t:al hydroxides each incorporate this planar configuration foI' t:he alkali and oxygen d.tollLS. 

Bauer et al. q,.> proposed a model c.onsisting of a 6qua~ planar c.onfiguration for the allo::<'l.li and oxygen atoms with two 

hydrogen bonded bridges between the oxygens and hydrogens" Schoonmaker and Porter (~) adopted the BqUdr'C planar model for 

the M202 confl.gUl'dtion but did not allow for hydrogen bondi:-.g. Berkowitz et" al. (~) proposed a model for Li
2

(OH)Z(g} which 

consisted of a trans configur.stion with hydrogens above 4I1d below the plcme of ~ rhombus formed by the lithium and oxygen 

atoms, the O-Li-o bond angle being 100·. The adopted molecular structure for K
2

(OH)2(g) is similar to the model of 

Berkowitz et 0/11" (~) but: with the O-K-O bond Angle equal to 90~. The K-O-li bond angle is assumed equal to 110". The K-O 

bond distllnce is estinat:ed as being 10\ longer thdn that in KOH(g). The O-H bond distance is e5tim~t:ed to be the same 

in H20(g). T:"'l~3~IH·ee ~rinCip"'l moments of inertia d.I'e; I A :: [17.5202] x 10- 39 , I
B

:: (38,5534) x 10- 39 , and Ie '" 

[55.6452JxlO gem. 

The first: six vibrational frequencies are taken equal to those for diceric K
2

F
2

(g) (See K
2

f
2

(g) table), and 'the 

rem4ining O-H stretching and bending modes dr'e estimates taken from the worK of Berkcwi tz e"t a.l" (~). 

Refer(!,nces 

1.. A. Bachler, J. L. Stauffer, and W. Klemperer, J. Chern. Phys.,~. 605 (l967). 

2" S. H. Bauer, R. H. Diner, and R. r. Porter, J. Chern. Phys., ~. 991 (1958). 

3. R. C" Schoonm.u:er and R. F" POl"'t<3!"'. J. Chern. Phys., n, 830 (1959). 

4. L)". Berkowitz, D. J" Meschi, and W. A", Chupka, J" Chern. ?hys., n, 533 (1960). 
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Lithium Hydroxide. Dimeric ((LiOH)2) 

(Ideal Gas) GFW - 47.8927 
----------------------------------------------------------------------------

----.-... 1---_ k_ 
T, "K CpO s· -(G·-H· ... )(f I\"-H'_ AHf 6Gf u.. K. 

o ,000 ,000 [Nj:'JhltTE .. 3 •• 66 GO 161.157 .. 167.157 INflNIl'( 
100 ~.9i1H~ ~O.643 17,175 2.6!1! 16M.O)5 166.t10 363.163 
200 1.3.66,,> ')8,3010:. 6").,9n ... 1.'!I\T .. 16~.07& .. Uj.~f)9 179.100 
296 P.O?2 (1,4,401;3 (1,0,453 .000 110.000 161.1S~ 113,1l0 

JOO 17,07'5 64.5'58 64,45) .0'32 - 11'0.016 ... 161.10t 1t1.362 
.00 19,.,112 60,825 ""5,1'5111 1.~68 '" t7!"!,P!27 1508.00;(, 86.328 
')00 21.'IS r.,H6 66,5'56 3,920 171.041 154.560 67.'5'58 

600 22.8H 78.4]2 6l1.20S 60136 113.706'" 150.796 ~4.02!1 
rOo 23,931 ~2.016 ",,9,926 ".4'1'6 '" 174.21i6 .. 146.9)7 45.816 
600 24,808 1115.293 71,649 10.91'5'" 11".69') 143.006 39.06'1" 
900 25.'53'5 6f1j.2o;e 1'3,332 11.433 17'5,OeS'" 139.020 33.'1"159 

1000 26.154 90.9"1 74,963 16.0t8 17'S,425 lH.994 19.~Ol 

1100 26,69) 9).SOO 16,515 le.i!>61 11'"i.121'" 130.9]6 26,015 
I?OO 27.1&6 9'5.1!143 78,047 2t0355 17'S.9S,/, t26.e'H 21.HI] 
1300 21.584 U.O]4 79,SOl 24.093 176,222 '" 122,150 20,656 
1400 27,9')5 100.092 1\0,899 26.1\10 t'l"6,4J.l1" 1111.627 18.519 
t')OO lel,21'1b \0'2,0]2 ~2.:?411 ,9.61;1:" 176.624 ... nll.II91 16.61!>\ 

1600 la.Silt 10),~6" Itl,'!I39 ]2.~26 1'/'6.'1'97 110.3131 IS,012 
poo 2~,8U 10~.608 IU,'/"36 ]'50319'1" '1I7,01ll9 103.528 13.309 
nloa 29.0JII('l 107.26' A5.9i\9 31\,"94 '4".!!!:!'.? '" 9'5.090 li.SIS 
1900 29.291 108.611;? I\r.l'51 4t.'12'" 211~,609 66.661l1 9.969 
20(}0 2'i.,!!,0 ljO,:U'Il ",e,?11 "'.I'jot ?IIb.31'H 'l'e,25'!1 e.!!!>i 

1100 2'1.6"i1 111.19:;> ""9,3~9 41.101\ '46.1~1 69.85'5 7.UO 
noo 29.61'l!l ID0175 90.010 ')0.01'31 ?4'!1,922 '" 61.464 6.1(16 
23DO 29~9/111 114.50) 91.419 53.063 14-',690'" '53,0&6 5.014 
21100 30.070 1I').7AO 4:?1lI17 56.0fl9 '" '4'S,464 '" 44.1t'!> 4.012 
20;00 )0.111.11 117.009 91.J;71 59.062 :HI"l.2"2 l6.)5e 3.1'/'08 

~600 ]0.21118 till. I'll',) 941.309 62'.106 140;,022'" 2~.006 2.3'5. 
uoo 30.31'12 119.30'0 95.:l!5 6~o119 144.(1112 '" 19.66'5 1.592 
21100 3l!.U9 12D.u7 96,096 6e.1I'12" '44.601 '" 11.3]0 ,5e4 
2900 JO.'5I1t1 121.'517 96~9'!>4 1t.23]" ,,,4.414 :Z.99Q .226 
]000 ]0.620 122.554 91,790 74,291'" '46,229 I).H) .3&8 

3100 JO.6Ar 12].559 98.606 11.3'57 .. ,04,056 13,6]9 .962 
3200 )0.74a 1211.535 99./101 eO.42l'!'" 24l,89S 21,941 1.499 
noo lV,et'lG 12'5.,.(112 100.177 eJ.~06 .. ,,,3.7.8 30.252 2.00" 
hOO lQ.!'57 12t.a.02 tOo.fnl!> 86 • ..,6<; .. '~·~,61'5 )~.~'}~ 2.117e 
3'500 )0.90'5 127.297 101.615 e~.~'I'1" 243.49~ 46,e'50 2.92'5 

3600 3(.1.9'30 128.166 102.]99 92.110" 14].39.. 5~oIa3 3.348 
3100 30.991 129.017 103.107 9'5."61 '" 243.310 6).4)'5 l,T .. '/' 
3~OO 31.030 129.1)114 1!'I3.#lOO 9B.9t.~ .. ?41,,42 71.733 .0126 
39\10 11.0066 nO.t>'5Q In,+.U& ,02.(')13 ~,.).t9) &0.Ot8" 1.1.084 
11000 Jl.099 111.4)7 105.142 !l'l'~.I.1!l 243.165 88.l02" •• 525 

10100 li.tJi 132.206 105.79] 101.29J ... '4J,\56 96,591 5,149 
111200 31.160 132.9'56 106.4JI 111.401 .. 243,170 104,81'5 5.451 
4JOO H.lee 133.690 IIH.0'56 114.'52~ .. '43,203 113.16& S.152 
HOC 31.213 1)4.&OT 107.670 11'l',U'5 ... ,,43.259 121.4S' 6.0)) 
11500 H.23S 1]'5.109 108.212 I~O.161 .. "3,342 129.'/'41 6.301 

"600 31.2110 135.196 10S.81\3 12hl't92 .. ,-43.U1 138,OJl'! 6,5'56 
011100 H.2!!1? 1)".1168 109.44) 127.n19 .. 14J.SI!IO 1116.3;<17 6.804 
4eoo 31.)02 137.127 nO.013 tlO.lIl! .. '2IIJ~139 1':;".623 r.eu,a 
4900 H.3?1 137,773 UO.513 133.:1'60 ... ,/13.921 162.9n T.267 
'!lOCO Jl.139 138.01106 111,123 136.111] .. '''40104 17t.2('1!!1 Y.IIII!!I4 

"i100 31,356 13Q,O:?b 111.664 139,'5'7 .. 21l1A.J96 179,~46 ',694 
')200 31,)1'2 139.635 112.196 11I~.6IU .. 1411:,679 181,S55 7,895 
'BOG H.1St 1f'~,2n 112.119 11l..,.~22 .. ?U,,}98 196.11'9 !!I.090 
5400 H.401 1<10.8,0 113.214 II1S. Q 61 .. ?4"i.354 204.499 5.217 
5500 31 •• t5 1111.396 113.1411 152.!Ol '" ~4'5.749 212.!!!40 &."~1 

'5600 31."28 illt.962 114.2<10 15'5.'u .. 1116,186 221.117 6.6J? 
,}700 31.UO 1'2.519 1111.131 IS!,)!" ?4"".66'5 229,'5;1 e.eol 
5800 31.4';2 1113,066 il').:?1!; 161.'532 ?47,191 231.6e9 !!I.9M 
'5900 Jl,ta6) ]43,603 110;.692 ItJ4.6'1'e .. ;.'117,762 21l1~.2'!1'5" 9.1~? 
6000 )1.4T1lI 1./111 ol 32 116.161 167.1\25 .. 141\.364 25ta,6]6 9,215 

Dee. 31, 19601 K4.I'. 31, 1966; June 3D, 1971 

LITHIUM HYDROXIDE, DlHERIC 'Li
2

0
2

H
1

) (IDEAL GAS) GN· 47.89" H2L i 202 
Poin't Group [C2h ) Mit; = -167.2 :t 8,0 ked/mol 

5 299 •15 = (64,45 :t :;:.0) gibbs/mol tlHfi9a -170.0: 8.0 keal/rrol 

Ground State QU4Il't'clm Weight = tIl 

ViDr4tiona.l frequencies and DegenerAcies (Col, em-I, all singly degenerate) 

[400] [4001 [5001 [SOOl [4$0] [350l [3700J [37001 (1250] [12501 [1250J (1250J 

Bond Distance: Li-o:; [l.7Lo] A O-H = (0.97) A 

Bond Angle: Li-O-Li:; (90]° Li-O-H = [110]~ 
Product of the Hotl'lS!!n'ts of Inertia: Ij\IBIC':< [4.2633 x 10-115 1 gJ 

!jea:t of Formation 

The Ndction bet:ween water vapor and condensed lithiu."I\ oxide has been inves'tig<!ted as 4 fUnction of temperature and wats.l'" 

pressure by means of such techniques 4S mass spectrometry (1:" 1) dnd transpiration (!!). At low water pressures «0.01. Tot'r) in 

the temperatut"e range 780-900 K, Schoonttaker and Porter <'1) observed only Li" and LiOR+ ion species in the mass spectrwu of the 

reaction products. The precursor of these tvo ions was 4Ssumed to be monomeric LioH. Berkowitz et a1. (1) in a more extensive 

iT,ass spectrometric study of the Li ZO(c}-H20(g) equilibrium detected net only lnOnomet"'ic Md diitilll.ric LiOH in the vapor phase, but 

also trace 4ll'!Ounts of tl:'imel:' (Li 3(QHl 3l. The.ir work CO'Je~d the te.mperature range 1100-14.00 l( at water prl!'lssureEil of O.O~ &rid 

0.16 Torr. Absolute equilibdwn cons'tants wil:re determined for the dimeriza.tion reaction, 2"LiOH(g) :; Li
2

{OH)2(g) I by calibrating 

the mass spectromet:er in units of pressure. This was accomplished by measur'ing the wat:er pressure externally and simultaneously 

monitoring the in'tensity of the H
2
0" peak. In an attempt to investigate the same equilibrium at water pI"t'lSSllreS inaccessible 

to mass apectroJ'Dll!ttry, Berxowi'tz-M4t;'!:UCX a.ad Buchler (1) used the tr4Ilspiration method. The-i'!' work covered w4tet' pressures of 

4.58 and 19.5 Torr at 1095 and 11105 l<. An analy&is of these equilibrium data aN!' 5uIlUllarized below. 

Temp. R&'"lge No. af AHr298 " kcal/m::>l Ddf't 

Invest:igator Reaction He'thod Points 2nd La... 3rd Law dhbs/mo! 
Berkowl"tz et aJ.. (~) Ma.ss Spec. 1119-1352 gO _57.2 -6S.8.t1.1o -5.Lt:t2.8 

BerKowitl.-Mat:tuck Transpil"a:tion 1095 and 
and Buchler <.V l}ioi.5 

Reaction: A 2LiOH(g) Li
2

(OH)2(g) B H
2
0(g) +- Li

2
0(c) :; Li

2
(OH)Z(g) 

<1 Third Ln.w ",<'!.lues based upon JANAF lIHf
298 

data for LiOH{g) 4nd Li
2
0(c) (!i), 

b One point ["ejected due to failure of « stat:ist:icdl test. 

12.7 

6.Hf29S (Li 2 (O!i)2' g)a 

ked/mol. 

-175.8:1:4'.0 

-las.2:!:I.,I.O 

It: seems most likely that the equilibrium data of Berkowi1:z-Mat1:uck and Buchler <.;!) are in error, since no satisfactory 

compromise in the flow rates of the inert carrie!" gas could be found such that saturation was achieved while eliminating 'therlll41 

diffusion effects. Under these conditions the sil3ple equa1:ions relating parti4l pressures to the !:lasses transported during the 

transpira'tion experil:'lE!n't are no longe::' valid. :furthermore, the authors a.ssumed that under 'the conditions of their experiment: only 

dirneric LioH would be formed. The work of Berkowitz et a.i. (1) clearly establishes the cxist::ence of a trimer a:t wateI' pressures 

some 100 times lower th4."1. those employed by Berkowitz;-Mattuck and Buchler (.1>. 
Trends in the dime.l'iza'tion enel"zies for the higher a.lkali meta,l hydroxides) as well <lS for the dineric elk"li fluorides and 

chlorides, suggest that the heat of dimeri:?;ation for LiOH from the work of 8erkowit:.r.: et .!II. C.V may be slightly high. Such a 

compa.rison r'esul ts in lIP- ZS a (di:neriza tior:) val ues in tho range -( 52 -61) kca.l/mol. further support for a lower value comes from the 

n'0.4SS spectra.l work of Port<er lUld Schoonmaker (1). They investigated· the reaction of H
2
0(g} W'ith a mil(:ture of conde.nsed Ll. 20-N4 20, 

From the reported ion current intensities for- the various ions found in the reaction products we calculate, tr.H 29S (dimerization, 

NaOH(g» - oH 29S (dimerization. LiOM(g}) :: 5.3 kca1./n:ol. This value yields I'lH 29S (dimerizatiord :: -56.0 t 5.0 I<calhool for LiOH(g) 

when used in combination wit!". the adopted value for NaOH(g) {!!), A high heat of dimeriz8.tion from the uta.6S spectral ... ork of 

Ber"kowi tz et &1. q.> is. easily r"eCQt\<:ile.d in ter!tlli of I\onoequilibrium ~a.3\lremer.,.ts. Based \lpon 'these finding~, we adopt 

C1H 29S (dil:tOriza't"ion) :; -58,0 :I: 5.0 kc41/T.lol fer LiOH(g), Combining this Nlsul-e wit:h the heat: of fort1ation for LiOH(g) (~). that 

for the dime .. is C1Hf 2SB (Li 2 (OH)Z' s:) " -170.0 t 8.0 ked/mol.. 

Heat Capacity and :Entropy 

The Il'Dlecular strlJcru:re of Li 2 'OH)2(g) is Assumed identical to tha"t adopted fol' the higher .alkali metal hydroxide dimers. It 

consists of 4 planar configurAtion for the lithium a.:;,d oxygen atoms with 'the O-Li-o bond angle equa.l to 90". Thl!! hydrogen atolM 

are plAced in 4 "trans configu.r4tion 4bove and belo .... the plane of the rhombus formed by the lithiUm and oxygen atoms. The Li-O-H 

bond angle is assumed equal to 110·, The Li-O bond distAnce is estimated &S being 10% longer tha.n in LiOH(g). The O-H bond 

distance ilJ eBt~m~i;d to be the scune a.a, in H2~i~). Th~ principal moments of inertia. are: I A ::; [9.2464 X 10-
39

] I 

IS:; [3.7005 x .. O 1, and Ie:::- [12.51810 X 10 ] & em. 

The first six vibr&tion<11 frequencies are estima'ted by compekrison with calcula1:ed (i) and experimental (!:. 2.) fNlquencies for 

Li 2 r 2(g)· In the estimation it is assumed that the bulkier OH gt"oup would 1:end. to reduce the frequencies of Li 2 (OH)Z(g) t"f!letive 

to those for Li 2 f 2 (g). The rern4ining OH stretching and bending fr"'equencies are estimates from the work of Berkowitz et: d. C1> 
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Sodium Hydroxide. Dimeric (Na202HZ) 

( I dea I Gas) GFW • 79.9943 

~---"'''I ... '---- k<alimo,----_ 
T,"K 

Q 

100 
200 

". 
.100 
'00 
500 

60' 
roo 
'" 000 

lOCO 

1100 
:200 
1300 
1'100 
1500 

1000 
1700 
It\OO 
1900 
2000 

2100 
2200 
2300 
2400 
2~OO 

2600 
HOC 
2600 
2900 
~uoo 

3)00 
3200 
BOO 
)ADO 
)';)00 

3600 
3700 
]800 
)900 
4UOO 

4100 
11200 
4)00 
41100 
4500 

4600 
HOO 
41:100 
4900 
5000 

5100 
5200 
'1300 
S.eOD 
5S00 

S600 
'5700 
5600 
5900 
6000 

Cp~ so -(Go-w •• )rr U"'-w.... LiHf" 

.OOli 
11,9"" 
10.132 
!CI,Y.Q9 

10,985 
2v.7f<5 
:t.::.24/:1 

23,4.111 
l" • .3Pil 
2~.1 '57 
2~ ,81 J 
2b,l8! 

20,I.!A1 
V.HII. 
V,l".lv 
"b.On 
20.lab 

;:0.611 
lc,9210 
.!Y.151 
2 .... .355 
2-.1. '5 ~Il 

2 .... '0'1 
ZY.eI'5J 
2 .... 9~o 
JU .IlV 
lu.2ill 

Ju.l2:i! 
31.1,11101 
3V,1I9b 
31.1.575 
31.1 ,bll6 

3 ..... 711 
3u. 7 7I 
)1.1.1120 
lu.a77 
)1.1,921.1 

JI.I,96f:1 
31.001'1 
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)1.061 
31,j III 

31 olll~ 
J1. j7) 
.H.20u 
Jl.22~ 
ll.211Y 
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"1.29;> 
31.J12 
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31.34/1 

3l. 3b~ 
31.3!!u 
31.395 
Jl.,QI)~ 

31.42] 

H.IlI]~ 

31.£1/.17 
31.4511 
31. ~70 
31.11$10 

.oou 
56.30e 
66.319 
73.442 

73.~')9 

79.272 
1J/I.070 

"6.236 
91.922 
95.230 
96,2)2 

lOO.9IH 

10) .~20 
105.61t1 
lOe,e!1 
lID .1At! 
112,096 

113.938 
115.683 
! 17 .343 
116,925 
120,1115 

121.6.:51 
123,266 
1211 .596 
125 .87~ 
127 .106 

126.294 
129.UO 
130.5117 
131.619 
132.657 

133.6!'!3 
1311.6)9 
1)5.586 
136.507 
137.&0) 

136.275 
139.1211 
lJ9,95J 
1110.7Sb 
141.5416 

1112. 3i II 
143,0&5 
111 3.799 
1114 .517 
145.219 

lllS,QOO 
146 ,'57~ 
lH.237 
147.683 
1 4 8. ~16 

1i19.1 37 
l il 9,711b 
130.3A4 
150.931 
1'51.501:1 ' 

152,(17101 
152.631 
153.1r~ 
t53.71S 
15~ .2t.l1l 

I~r IN!T[ 
6Po.609 
7"'.11 0 
7J,442 

7),442 
7/1·,20'11 
7'),714 

71'.461 
79.269 
Rl.061 
82.80il 
S4,480 

1'16.103 
81'.6SI11 
P-9.l41 
Q().'il'llf 
91,9J'I 

0:)3,2')7 
941.526 
9~,THI 

96.926 
9~ ,064 

990164 
(QO.l2t) 
101.2'59 
10~. 2'5t1 
10'.22~ 

104.1"1,1 
100;.01)4 
10'5,974 
106.S1l0 
107,653 

I 06 .~05 
10 9.300 
11 O. 01'!0 
110.852 
11 t. 5ge 

U?327 
113.0.110 
113.737 
11 0 ,420 
1I'3.08t1 

tl5,743 
It":'. 384 
117.013 
l17.630 
111'0.230 

111'1.6)U 
119,11\3 
119.960 
170.'5116 
1?t.l02 

1?1.645 
122.150 
122.706 
PJ.22J 
123.732 

124.233 
12t..720 
12".<'12 
12'5.691 
126.162 

4.! 3S 
.. 3.230 

1.758 
,OliO 

,035 
2.025 
0.116 

19.1!)1I 
21.869 
211.622 
27 .1112 
)0.235 

B.OIlR 
35.9611 
38.rH2 
41,798 
411.7&2 

41.70':1 
50 ,6~3 
53,67,) 
56.6t!O 
':19.696 

62.i'?11 
6!1.7f11 
6A.Be6 
71.860 
14.Q21 

11.989 
81.06) 
M.Il) 
67.22a 
90.316 

0,13.413 
96.'51' 
99.6101 

102.121 
10,;.63\ 

10a.9'!) 
112.0')9 
115.t 78 
u8.299 
121,423 

1211.5'9 
127,677 
130.806 
13),940 
lJr .074 

1110,209 
1113.3'17 
111"',1185 
!49.626 
IS? T61 

155.910 
1,;9.054 
162'.200 
1!\'3.J1I6 
\68,49) 

.. 1/3'-.1511 

.. ! 1)).)42 

jlU.3A3 
145.?OO 

.. lli'S.?!5 

1 "' • 31 ~ 
.. 11l~.On 

111'\ ,("87 
.. lQ90187 
.. lQ'\I.60j 
.. 1 Q ~ .9b<.i 
.. 150.274 

150.560 
.. 197, 31 ~ 
.. 19 7 01bl 

196,QS) 
196,791 

- 19":1,'56 7 
19",361:1 
19".144 
19';,913 
19'j,681J 

195,1140 
195,?OZ 
19 ~ .90\ 
\913."1'23 

- 19 "'.488 

1911.25.11 
.. 1913.026 

19l.rJO'J 
193,S87 
193.3T9 

193.t70 
! 9~ ,9611 
192.80) 
192.632 

... 192,415 

... \9".3)1 
192.203 

'" 192.0'10 
.. 191.997 
.. 19\ .92J 

t91.872 
191,1'14 .. 

.. 191.F\40 
191.8M 

.. 191.9('<1 

- 19:?Ol" 
192.101{2 
192.309 
19~.S21 
192.761 

193.094 
19J.460 

.. 193.669 
194.383 
19Q.94d 

19').560 
.. 19'.1.306 

19'.109 
.. t9'1.002 

196.9t16 
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135.169 
132.1173 
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120,609 

.. 116,49)' 
112. HS 
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lu3.91l 
.. 98.7AlI 
.. 90.53'5 

1;12,3'1 
711,15"1' 

b5,969 
57,830 
1.19.689 
fll.!l57 
33.lU2 

25.H7 
P·.242 
90160 
1.081 
6.9rll 

15.0)4 -
23.016 
31.t 10 -
39.111)' 
47,165 ... 

~'.:>.lT9 
63.167 
71 0189 
79.11'1) 
aT 0I~? 

95.169 ... 
10),\50 ... 
11t.138 .. 
1l9.10C',l 
127.01'!6 .. 

135.061'1 .. 
PIIJ,OJ":! 
151.01<.' 
156.979 
166.YSfI .. 

17tl,935 
1 ~2 ,91;;> 
190 .~9:? .. 
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206.661 

2111.IPO 
222.665 
230.tllh .. 
23l!1.tl9S 
246.924 
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!kV IN IT( 
30b,rl6 
15t.b1lQ 
99, ~79 

98.9<'2 
72.352 
56,2111. 

as.1I0') 
37 .656 
31.82'5 
21.279 
2J.I!I)) 

20.6116 
17 .'Je4 
1'5.220 
12.1:154 
to .hOS 

9,Ul11 

7."3S 
6.0]3 
".7eO 
3.054 

2.0)7 

t. 713 
.tllO 
.09tl 
,610 

1.26l1. 

:3. ~90 
&l,3\5 
&.715 
5.090 
').4114 

5.778 
6.093 
6.392 
6.075 
6.'1 114 

7.200 
r ,l1li3 
7.07<;' 
7,697 
~. 109 

e.J11 
~ .505 
6.69;? 
e.810 
9.0112 

9.201:1 
9.3bT 
9.S21 
9.669 
9.012 

1'511,960 9.9'50 
263,Otli .. to ,OSS 
2i't ,051 .. 10,215 
279016t.l .. 10,30111 
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SODIUM HYDROXIDE, DIMERIC CNa 20 2H2 ' (IDEAL GAS) GFW, 79.'''' HZNa 202 
Pain t Group C2h 

5298.15 -= (73.4 2.0] gibbs/mol 

Ground Statt; Quantum Weight 

Vibrationa.l FreQuencies and Degeneracies 
1 -1 
~ ~ 
C 3501 (1) 

[209 J (1) 

[270) (1) 

[201J (1) 

(294) (1) 

[313] 0) 

Bond Dist:anc~: N4-0 = [2.17] A O-H -= [C.9S] A 

BOnd Angle: Na-O-N.a ~ [90~ J Na-O-H = (110'] 

(37001 (1) 

t 3700] 0) 

(1250] 0) 

(1250] (l) 

[1250] (1) 

(1250] 0) 

Product of the Mor:.ents of Inertia: IAIsI
C
':: [8.1568) x lO-lll> g3 

Heat of fOrlndt:ion 

co' 

tlHfO;:: -1">2.2 S.O kcal/mol 

tlHfi9B.15 -11.i5.2:!; S.O kcal/mol 

M4SS spectrOJOlctric studies of the Vdpors in equilibrium with NaOH(t) (1, .V and mixed NaOH-KOH condensed phAses <i. ~), along 

with a study of the vapOr composition by a moleco..:.lar be<ill'\ velocity analysis tecr,nique (~). r.ave established the importa.nce of 

monomeric and dimeric species in the temperature ra.nge 573·_10S0"K. Absolute pArtial pressur-es for the manolller and dimer calcu

lated from peak intensity (jata by Porter and Schoonm.;tker (.1) arc analyzed by 'the. third lalol' method with JA.'iAr free energy functions 

(,£) 'to giv~ a heat of dimeriZdt:ion of -50.0 kcal/mol at Z9a.1S"K. Schoonma.ker ana Porte'!' (!:) also calculated differences in the 

free energies of o1imeriz,,:tion for several alkali met:61 hydroxide p4ir-s from. peak intensity d.,ta on mixed systems. A third l&w 

4nal.ysis of t:he free energy data for the NaOH-KOH system leads to a difference in "their heats of dimerization of -6.0 kcal/mol at" 

2S'S.lS-K. Bdged upon the adopted value fot' KOH(g), <lH(di~rization} " -45.3 !: 3.0 kcalfmol (2), we derive Mi(dimerization) ::: 

-Sl.3 kC;J,lImol for NaOH(g). ror the reaction 2NiiOH{g} " N",(OH)2(g), we adopt <I. ll:e.m 0: these two results, hH29S(dimeri:tation) 

-50.7 !: 3.0 kcal/mol. COmbin.ing this result with the a.dopted heat of fOI1na'tion for NaOH(g) (.§.,. that for the dime I' is tlHf
296 

(Nd 2 (OH)2' g) -= -llo5.2 !: 6.0 keal/rnol. 

Heat Capacity and Entropy 

A key to the l':IOlecula::- structure cf Na 2 (OEl Z(g) is provided by the work of Buchler at al. (~) which involves the electric 

deflection of calecular bc<UTl.S of Cs 2(OHl 2 (g) Md Na
2

{OH)2(g). Their results indicate that 'these dimers are nonpol.ar' which implies 

a planar structure for at J.east the H20, part of the molecule. The three models proposed thus far for the dimeric 41kali metal 

hydroxides e<l.ch incorporate this planar configuration for the alkali and oxygen atoms. Bauer et Al. (jP proposed a model 

consisting of i!I. square planar configUration for the alkali and oxygen atoms with two hydrogen bonded bridges between the Oxygens 

a."ld hydrogens. Scnoonmaker 4l1d Porter (.:!) adopted the square plan.!.r rnodel for the H
2

02 config-.lI'ation but did not a.llow for 

hydrogen bonding. Berkowitz et a1. (l:,Q) proposed a model for Li
2

(OHl 2 (g) which consisted of a trans configuration with hydrogens 

...bove and below the p14!-..e of ..,. rhombus forn:ed by the lithium .and oxygen atoms, the O-Li-O bond angle being 100·. The a.dopted 

molecular structure for Na 2 (OH)2(g) is similar to the model of Berkowitz et al. (,!.Q) but with the O-Na-O bond angle equal to 90·. 

The Na-O-H bond angle is aasu:ned equal to 110'. The Na-O bond distance is estimAted 4.5 being 12\ longer than that in NaOH(g}. 

The O-H bond distance is estimated to be the same as in HZO(g}. The three principal moments of inertia. are: IA -= (1".083] x 

10-
39

• IB -= (H.laS) x 10- 39 , and IC:: [31.8'+5] x. 10- 39 g cm2 • 

The first six. vibr4tiona1 frequencies ar-e estima:ted by comparison with those foT' other alk41i metal fluorides 41ld hydroxides. 

The rema.1ning O-H s'tre'tcr,ing a. ... d bending !t..odes aN! estima"tes t4ken from th~ work of Bet'kowitz et al. (lQ). 
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Orthophosphoric Acid (H
3

P0
4

) 

(Crystal) GFW - 97.9953 

~---Klbbs/mol---- k<allmol------
T, "K Cp' s· -(G"-Hgnl){f H"-H"SIIII MI" ~G" LogKp 

0 .000 .000 INfiNITE - 4.051'1 - 29Rd:HO 293.811) IfllrrNiH 
100 10.240 5.2'5? 43,876 1.'562 300.9]2 .. 2eV.6n 63].075 
200 1~.1 ]0 Ii' .1:129 28,506 - 2.135 )020119 .. <'77,918 30:;.695 ". 2~. 35U 26,"21 26.421 .000 ... 302.600 .. .I265.e71i t'iIA.891 

_3_1!.~~ ___ ?~~ ~~P. ___ ]_6_._~U:''L _ _ g~.J~"?J ________ "-!!E ___ ~_},£>..t._I'I£l' ____ :_~~~ !§~~ ___ • J_9_l. ... ~n 
400 1,2.720 34.900 27.507 ?QS7 .. 302.69] .. 253.2211 t]6,]')7 
500 3'>1.960 42.979 29,796 6.'591" 30?HI - 2.110.862 105.2elj 

600 III .200 50.91)4 32.656 10.949 .. 301.1011 ... 226.669 83.29] 
100 ';4,4141) 58,1').4 "s.an 16.031 .. 299.)0" .. 216.72'S 67.665 
'00 61.6t'O 66,1.166 H.t69 ;:>1.8)7 .. 317.2]6 .. 210.40) 57,4BO 
90O 6~.920 74.14Q 02.630 2t'1,J67 .. 31 J.SH - 197.?44 47,691 

1000 16.16U l\l.ra'i 06.164 3~.62t .. 309.75011 Ie- .502 110.32) 

June 30, 1952; Dec. 31, lS71 

ORTHOPHOSPHORIC ACID (H
3

?Olj) 

S;98. It> = 26 .42 ~ 0.1 gibbs/mol 

1m = 315. 5 ~ 5 K 

Hea't of ForlM.t.i9n 

( CRYSTAL) GfW ~ 97.9953 H
3

0
4

P 

t.Hf; ::. -1'9a a ~ 0.5 kcal/mol 

lI.Hfi98.1S = -302.6 ~ O.t> kcal/mol 

o:w e ::: 3.7 ! 0.2 kC41/mol 

Recent calorimetric llIe~surel!1en'ts (1, .£, ~) indicate the Na'tior.al Bureau of Standat;"ds' se:i..ected value quo'ted in reference 

(~), t.Hf 298 (H 3 P04, c) ::: -305.7 .!: 0.3 keal/mol, is probollbly in error. Tne va.lue was taken from ffolmes' work: (~). The data 

summa.rized below, with heat values based on white phosphoru5 refel""ence state. 

n !l.HfisB(H3PQ4' aq) 
lnvesti...&!!.!£!: He'thod Holes of H22 kcal/mol 

Head (;1:) a & b ,0 -309.34 .!. 0.38 

Sir-ley (,2.) 100 -309.8 0.3S 

Irving (~) 0.&111E> -305. "9 0,; 

Holmes <2,) a & b 

solution calorir.letry; b = combustion calorimetry 

:!?ec text 

~Hf i 96 (H3 ?O". c) 

kca.l/rnol 

-307.0 .t 0." 

~307. HI 0.5 

-307.3& t 0.5 

-307.4 0.5'" 

Head and Lewis (l) de'termined the hedt of combustion of phosphorus dnd heats of hydrolysis of combustion products which 

led to LlHfi9S(H.";!"POlj • 40 H
2

0, aq) = -309.34 .!. 0.36 kca.l/mol. BiI'ley <Ina Skinner <.?l me4sured the hea't of hydrolysis of pelS 

and derived 6Hf 298 (H3 PO ... 100 H2 0, aq) = -309.9 J: 0.35 kcalimol based on ~Hf;9a(PCl5' c) = -105.0 kcal/:z:ol obtained by direct 

chlorination of phosphorus (~}. Irving Bnd McKerrell (;P measured the heat of solution of P4010 frol:l which they derived 

J.Hfigs(H3P04 . 0.6416 H20, ~q) = -305.9 :! 0.5 kcal/l!\ol. Using heat of solution data for- H:/'04(c) .... H3PO~(363 H20, aq) (~.> 

4nd heat of dilution data for H
3

PO LO (363 H"]O, aq) .... H3 P04 (n H
2

0, aqJ (.§.), we obtain hea.t of form<ltion of l'l3P04(c) listed in 

'the 14st column of the table. (These values are based on white phosphorus as the references state.) Halnes '2.) determined 

tlHf 29S (H 3 POlj' cJ " -305.7 .!: 0.3 kcal/mol based on his heat of combustion of whi'te phosphorus and related he<lt of solution data. 

which were combined to farm a therm41 cycle. Us'ing 'the white phosphorus based ~Hfi9B{PI.J0I0' c) -71S.4 kC4l/mol (2) (instead 

of his value -713.2 kcal/mo1l, W~ h4VC "(,€calculateo his therma.l cycle and find t.Hf29S(H3P04' c) '" -301,4 ! 0,5 kcal/iliCl which 

is in good oIlgreemen't wi'th 'the r''!cen't cdlorirnetric measurements (1, I, .!). 
The value, -307.0 '! 0.5 kcallmol, is tentatively selected for the hea't of formation of H/'04Cc), based on white phosphorus 

dS references s'td.te. The 4dopted lIHf;9S{H3 ?04' c) = -..J02.8 ~ 0.5 kcal/mo1 is recalculated cased or. 'the P (red, V, c) as 

reference s'ta.te. 

Hl:;a1: Capacity and Ent~opy 

Low t'empcrature hea.t c&pacity frol1', 10 'to 300 K were measured by Egan and Wakefield (!). Their sl1tOoth Cp are adopted in 

the tabulation. Heat cilpdcit:ies above 300 K are est).t.loIltcd graphically bilsed on the measured Cp curve. 

The entropy S;98 is derived from heat: capacity da't<l, using S10 :: 0.04 eu. 

~el"ting Data 

Egan and Wakefield (§.) me4sured calorill'letI'ically the heat of fusion .1H.m$ = 3.1 .! 0.2 kcal/mol, but failed to deter::line the 

exact melting point due to continuous fusion between 301 to 319 ]( in their measurem'!nts. They SU&icstcd the melting point 

315.5 K which was found. by Ross dad Jones (~). 

Holmes {~) derived the haat of fU5ion lIHm
29

!1 = 3.2 ! 0.5 kcal/rnol froT:! his heat-of-solution da'ta for cryst411ine and 

liquid H3POq in \oIater 4nd in aq. HC104 solution J which cOr'responds to !llim· = 3.35 kcal/mol. We &dopt .an intermediate 

value of lI.Hl:l· :: 3.2 ! 0.2 kc&l/mol. 

References 

1. A. J. Head and G. 3. Lewis, J. Chern. TheI'modyn. 1.. 701 (1970}. 

2. G. I. Birley and H. A. SKinner, Tr4ns Fa.r'aday Soc. ~, 3232 (1968). 

3. R. J. Irving and H. McKerrell, Trans faraday Soc. iJ, 25B2 (l967). 

4. U. S. Natl. Bur. Std. Tech. Note 270-3, 1968, and privd."te communication D. D. Wagman Oct., 1971, 

5. w. S. Holmes, Trans Fdt'aday Soc. ~. I9H; (1962). 

6. ::. p, Egan and S. 3. Luff, J. Phys. Chern. ~, 523 (1961). 

7. JANAf Plj010(c) table dat$d Dec. 31, 1965. 

8. r. P. Egan, Jt"., and Z. T. Wakefield, J. Phys. Chern. §i, 1500 (1957). 

9. 1.'. H. Ross ahd R. M. Jones, J. Amer'. ChCDl. Soc. !.II 2165 (1925). 
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Orthophosphoric Acid (H
3

P0
4

) 

(Liquid) GFW - 97.9953 

-----p .... I ... '---~ k<aI!_ 
T,"K Cp" S" -(G"-H" ... ){f U"-Jr ... .1Hf' AGr' LooK. 

0 
100 
'00 , .. )111.667 )6.0]6 36.0)e. .000 .. 299.762 .. 265.703 1911.766 

)_~i?. ____ } ~.! ~9!! ____ }.6. ·3.,H ____ !~.J!! H ________ !. Q~! ___ :".1.'.i.9•oJ -'-.?. ___ ~ _ ~~~! ~ J.2. ____ t~h! 1! 
400 41.000 41.248 H.lles 3.904" 296.90e .. 2540132 133,&79 
500 A9.20u 57.394 4Q .. II;65 .'1.464 .. 291.430 .. 24].159 106.285 

600 <;6.,,00 67.000 ,114.(9) 13.1'.4 .. t'95.311 .. 232.493 IU.686 
100 63.600 76.2J') 416.0(,9 1 9 .741.1 .. 292.5'B .. :1'22.232 69.38. 
'00 10,800 e5 .l9~ 52.111 21',,464 .. ]09.571 .. 217.72'4 59 •• 79 
'00 r~. 000 93.953 56.281 33.904 .. ]OS.26l .. 206 .... 9] so.1.tI!J 

1000 "'5.200 102.~43 60.,,'1'9 42.0611 .. JOO.273 ... 195.779 42.787 

June 30, 1962; Dec, 31. 1971 

ORTrlOPHOSPHORIC ACID (H
3

P04 ) (LIQUID) ON 0 97,"" H
3

0
4

P 

5i98.15 =< (36 1: 1J gibbs/mol aHfi9f1 -299.H2 0.5 keal/mol 

Tm :: 315.5 K lIHn:." J. 2 j: 0.2 kcal/mol 

Hedt of FOl"ll'la'tion 

The heat of fOl"'mation of H3P0I.!'t:) a't 29B.16 K is ca.lculated from that of the crystal by adding t.Hm" ",nd 

the difference between HJ15 • 5 - H29B.1S for the crystal a.nd liquid. 

HeAt capacity and Entropy 

Heat CApacities of 'the liquid are es'ti:ndt:ed by comparison with those of H
2

S04 (c. t:) (1) and H
J

P04 (c). 

The value 5 298 i5 obtained in a manner> simi14r "to that of the heat: of formation. 

Melting Data 

See H
3

P04 (c) 'table dated Dec. 3D, 1971. 

Decomposi tioo 

The phosphoric dcid tends to be dehydrated to pyro- dnd met:a-phosphoric acids when it is he.ated. 

Reference 

1. W. F. Giauque. E. W. HOl"'nung, J. E. Kunz.ler and T. R. Rubin, J. run. Chern. Soc. ~, 52 (l960). 
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Potassium Superoxide (KOZ) 

(Crystal) GFW - 71.1008 

-------~~------
________ k~--------

T,'K 

• o. 

,0. 
••• ••• 

CpO !J' -(G·-If" ... lrr 

.000 
12.5211 

U.5'0 
20.0'50 
2,0.9110 

,000 
11.041 

29,3U 
14.949 
19,5'25 

INFINITE 

P:i~~ • ; .• 1. 
19.278 
)0.026 
3\.482 

. . 
H"-H" ... aHr AGr' 

a.ooo · 68,232 · 6&.232 

f:m · I":'" · ":"11 .tm UJ, • .000 

.0,. · 61,992 · ,'.U5 
1.96' · 6!1.0U · 5,.892 
4.0'22. · 6f,501 · 50.''10 

1.ogK¥ 

IHrUHE 

!'l:T 6 70a 
'2.1 6 

41.819 
29.U'5 
22.01a 

600 U.,'O .,!I."OI ]3.153 6.148· 66.858 ... 41,050 H.llS 

-Ug----~{_:_:-~-~----U!Hg----j~:-~}--a--ig!Ui---~---:r~~1n---~--:~~-:-~!------~l!t~; 
900 22.520 '2.3149 38.150 12.77'" 6&,T5T ... 31.'596 ',UO 

1000 22.610 54.730 39.691 15,03'" 64,04' ... U.6U 7.5" 

1100 22.800 56.898 41.158 IT.lt4 · 82_246 · 30.6811 6~O96 

1200 22,fUlO 58.815 U.'5. 19.598 · 81.]07 · 26.037 4.7.2 
UOo 22,940 60.719 43.882 21.889 · 80.)10 · 21.&10 J.609 
Uqo 22~UO 62,421 45.146 24.18" · TV.US · 16.9.,. 2,6,0 
1500 23.000 U,007 46.:!I51 26.U4 · n~'o .. · U:.5U 1.828 

June 30. 1962; June 30. 1971 

POTASS1UM SUPEROXIDE (K0
2

) (CRYSTAL) GTII • 71.100' K02 

";"HfO = -66.2 :I: 0.5 ked/mol 

Si96.15 29.3:1: 1 gibbs/mol lIHfi9a.15" -68.0 :t 0.5 kc&l/mol 

Ttl = 193.5 K aHt
1 

., 0.0721 ked/mol 

Tt2 ., 230.9 K aHt2 = 0.0375 keal/tII01 

'I'm. '" 782 20 K Ct.Hm· Unknown 

Heat. of format.ion 

D'Oratio Md Wood <..~) measured 'the heat of solution, AH;OlnC2S'"C) ., -13.0 :!: 0.4 keal/mol for KOZ(e) .. 1/2 H200) ... 

J(OH02,OOO H20, aq.' + 3/4 O:;/g) whiCh leads to ~Hf298(K021 c) = -68.09 1: 0.4 )teal/mol, using the following auxiliary data, 

lIHfi9S(l(OH'12,OOO H20. aq.) = -115.243 kcal/mol (1) and lIHfZ9S (H 20, t) ::: -68.315 kcal/mol <.~). Gilles &nd Margrave (~) also 

measured the heat of solution as -13.2 j;: 0.8 kcal/mo1 fro~ which we obtain l.IHf29a CK0 2 , c) ::: -67.88 i: 0.8 keallmol. Both 6H;oln 

value a have t>een corrected for impurities present in their samples. The value IlHf
2SS

O(02' c) = -66.0 1: 0.5 kcal/mol is adopted 

in the tabulation. 

J(aurnovskaY4 and Kazarnovskii c.§) and def'orcNLnd C&.) deterrrined the heat of solution in H2S04(aq.) and derived the heat 

of form.a:tion of K0
2
{c} as -67.9 I<~l/m.ol 8Sl.d -66.8 kcal/mol. respec1:i'lely. The: fo't"mer is T'eliable since their sample vas well 

characterized and correctipns for the impurities were included in the llH;oln data (~). The latter did not give enough 

expel'imental details to check their derivation, 

Heat Capacity and Entropy 

The low temperature heat cap4cities in the temperature range from 52-298 K are obtained froll!. Todd's lIlilIasurements (1). Two 

peaks at: 193,5 J( and 230.9 J( were fOW1d in his heat capacity """ta. Below 50 K, 'the heat" capacities were extrapolated using 8. 

combina.tion of 1 Oebye (8" 139) and :2 Einstein (8 " 260) functions itS suggested by Todd. This I.\xtrapola:tion yields the entropy 

from 1a:ttice contribution .!I.S 3.278 eu at 50 K. By neutron diffraction, Smith et. 4.1. <,g) found an &n'tiferwma..gnetic tre.nsition 

at 7 K which indicates the existence of An unpaired electron in K0
2
(c). We tentatillely adopt S;'O :;- 4.656 t 1 eu which include a 

both lattice (3.278 eu) and unpaired electron (Rtn2) contributions. Heat capacities Above 298 K Are eetimated graphically. 

The e.ntrop), at 29S K is calculated fro'll!. the Cp data and is based on an extr6polation ·of Sso :: 1i.656 81.1. 

Transi tion Data. 

Todd (1) observed 'tWo anomalies in the heat capacity at 193.5 4I\d 230.9 K which are adopted as two phase transitions in the 

tabula'tion. The heAts of trMsit:ion are calculated Iroc 'the tota.l heats of absorption giver: by Todd between 180 &nd 208 K for 

transition 1 and 217-240 K for transition 2 with erxtro!lpolated Cp below 175 K and Above ZSO K. 

Smi th et a1. (!) confiI'lIll'!d these two transitions in 'the neutron diffraction measurementa. In addition. they found an 

antiferrolll4gne'tic transition 4t 7.1 t 0.5 K and an unusually low temperature phase transition at 12 K. Neuman (.l!) observed a 

color ch4nge. at -75. S :t ute in the warming and. cooling. cur\l'~$ for Y.0 2{c). This color chimge represents a pha.se tra.nsition which 

is in EOO,," agl'eemen t wi th Todd' 8 observation. 

Mel ting Data 

Firsova !!It &1. (lQ) studied the thermograma of J(02(c) and found tha lUelting point 509 l' 20"C under atmospheric pressure 

which is 4dopted in the t,abula:tion. Earlier melting point data were reported as 380"C by BIUll'ttlntal (11) &nd 440"C by 

deForcrand (.§.). 

Refer-eoces 

1. L. A. D'Orazio and R. H. Wood, J. Phys. Chem. g. 2550 (196S>' 

2. This va.lue is derived from JAJJAF t.Hfi9S(KOH.cc H20, aq.) :: -115.273 kcal/mol with the hll!:at of dillJtion data from V. B. Parker. 

U. S. N&'tl. Bur. Std. NSF-DS-NBS 2, 1965. 
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Potass i urn Metas iii cate (K
2

S i °
3

) 

GFW - 154.288 

~-----~~------ -~ T,"I< Cp' S' -(O'-I1' ... )rr W-H"_ Aiit' 0.01" LoaK. 
0 ~ooo ~oco INFINl'l'E - ,)~227 - 361 .. 9'59 - 367 .. 9'5Q INF EN HE 

100 15 .. 1Z0 IIslZ0 56 .. 510 - 40~52'9 - 369 .. 194 - 362 .. JU 191.S36 
200 2.3 .. 470 24 6 630 31&J65 - 2 .. 541 - 36,Q .777 - 3'5'5 .. 16.6 388 .. 108 ... 28 .. 300 3,~'HO 3"1$930 aOOC - 310 .. 000 - 147 .. 9"tO 2'j5~047 

300 28 .. 40C 35 .. 105 34 .. 931 .OS2 - 310 .. 002 - llt7 .. 8M 2'5)~375 

.00 12 .. 400 1t3 .. 8"? 36 .. 09'5 3 .. tOI - 31(..15'5 - 340 .. 181 16'5.866 
'00 3'5 .. "00 51,,';'12 38 .. 41Q 6 .. 4(11 - 370 .. 1!l86 - 312 .. 462 lii5 .. 3l'9 

600 31 .. 100 58 .. C79 ·U .. 151 10 .. 151 - 310 .. 118 - 324 .. 821 116 .. 316 
100 39 .. 40(1 M .. 012 4"',,002 14eO 14 - 3~9 .. 70'S - 111 .. 27Cj1 CjI!J .. 05'9 
000 ,,"0 .. 800 M o 378 460845 te .. 021 - 368 .. 913 - lOil} .. 846 84 .. 646 
.00 41 .. 9(:'0 H .. 24Q 490623 22 .. 16'3 - 3Eo8 .. 03"t - 301 .. 512 73 .. 460 

1000 42 .. 800 78.112 52.312 26 .. ltGO - 367 .. 1C4 - 29'5 .. ZIH 6<10.334. 

1100 4') .. 5{)0 82 ~82lt 5o\~9Cl 3Ci.715 - 403 .. 'lS6 - 2B6 .. 0?8 56.842 

ii ~g ----tt:~~-~ ----~~: ~5~ --v ~ ~~-:-~-~-:- - - - --j~: ~~~ ---:: -~~-~-;~:i ---:: -~IZ-:~}I------1~~ n~ 
1400 4S ~300 93 .. '540 62 .. 011 4 /h057 - 3'l19 .. 415 - Z54~'Jj16 )q .. T32 
iSM 45 .. 800 9~ .. 683 601\~Z1'5 48*612 - 3'97 .. 835 - 244 .. 220 35 e SBl 

1600 46 .. 100 Cjl~ ~6,)5 66~ 39~ '.S3.217 - 3'l16 .. 225 - 234 .. 030 31.'961 
1700 "'6.8')0 lO~o476 68~.ft14 57 ~872 - 406 .. 517 - 223 .. 940 28.77'1 
1800 47 .. 300 10'S0 166 7C .. 401 62~5n - 40"' .. 951 - 213 .. 139 25 .. 679 
1900 "'7 .. 800 IOl e136 72 e2qq 67 .. 332 - 403 .. 089 - 202 .. 538 23.291 
2000 46.30C llo .. 201 1.ft .. IH 72.{37 - 4QI .. Z84 - 1'91 .. 0328 ZO .. 984 

l100 48 .. 800 llZ e 570 15 .. 'ilO7 76.9'92 - 399 .. 4 .. 0 - 181 .. 6C8 18.900 
Z200 49 .. 10C lH .. 1!I'51 17 .. 626 81 .. 8'97 - 3'97 .. '563 - 171 .. 281 11 .. 015 

June 30, 1972 

K
2

0
3

Si 

POTASSIUM HETASILICATE 0<25i03) (CRYSTAL) GFW = 154.288 

6Hf'; :: -367.96 2 kcal/Tnol 

Si9S.15 :: 34.93 :!: 0.2 gihba/l:lOl 6Hfis8.lS :: -370.0 .! 2 kca.lfmol 

'I'm 1249 K 4Hm" :: (12 .!: J J kcallmol 

Heat of FOI'1!lation 

Hatton e:t a1 (.!) conducted heat of solution mea.surements on K
2
Si0

3
(c) and. KOH(c) in Hf{aq) at SO"C to deten:ll.ne 

the heat of forlll4tion of the: silicate. The results of this work gave a AHr
298 

:: -17.5 .! 0.5 kC$l/mol for the process 

2KQH{c) .. Si0
2
(c, qua:M:z) .... K:?Si0

3
(C) '" H:?OCn. When combined with the auxiliary data for H20{t) KOH(c) a.nd Si0

2
(c) 

(I, 1.) we calculAte AHf29S(K2Si03' c) ; -369.9: 1 kc;s,l!mol. 

Urusov (~) summarized the va.rious methods of eatimatin& th~ heats. of fOrrti4tion of silicates using the Born-Haber 

cycle and energies of .a.tomizat:ion. His estimate for AHf29S(K2Si03' c) is -369 kcal/lfoOl. 

An earlie.r est"im4te by Wilcox and Brolllley <.§) based upon ionic contributions to crY$tal la.ttice energies gave 

IlHfiss(K2Si03. c} :: -367 z IS ked/mol. 

An attempt to calcula.te the OHfi9S(l(2SiOJI c) frOB Hf solution experiltlents on higher pot,,-ssium silicates (K
2
Si

2
0

S
' 

K2Si30,' and sodium silica'tes c.§) yielded it. value of -383.8 kcal/mol which 1.S discrep4nt with th.e former values. 

A value for aHfi9S(1(2Si031 c) = -370 ! "2 )ceal/Rlol hAS been selected. 

Heat: C,ipsdty 4nd Entropy 

The low tell"lpera.ture heat capacity of K2Si0
3
(c) has been measured and reported by Stull et 41. (1) in the t"4nge 

15-298 1<. They report 5 298 K'"' 34.93 gibbs/mol, which is derived from C~ and an extrapolation of SIS:: 0.18 gibbs/mol. 

HeAt capacities above 298 K have been estimated by analogy with other alk41i metal silic<ltes a.nd borates. 

Hel ting Data 

A Jl\elting temperature of 1249 K for K25i0
3 

was meaGut'ed hy Morey and Bowen (~). The heat of fusion liHm ~ 12 : 3 

kcallmol was es timatec by cOl!lparison with other silicates. 

~ 
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3. JANAF Thermochemical Tables: KOH(c) , d4ted 12-31-70; Si0
2

{c) dated 6-30-67. 

4. V. S. Urusov, Geokhimiya, No.5, 551 (1965) (Eng. Trans1.). 

S. D. E. Wilcox anoj L, A. BrOmley. Ind. Eng. Che:ll., 22., No.7, 32, (1963). 

6. G. W. Morey. GeophysicAl J:..o!.boratory .. Carnegie Institu1:e of Washington, Paper No. 1215 (1952-1953;. 

7. D. R. Stull, D, L. Hildenbrand, f. t.. Oetting and G. C. Sinke, J. Chem. Eng. Data, ~. IS (1970>
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Potassium Metasi I i cate (K2Si03 ) 

(Liquid2 GFW - 154.288 

----glbboJ .... ---- kcallmol 
T,"K CpO s· -(C"-II"_)rr H"-H"_ ollt' OCr' Los Kp 

0 
100 
200 
299 28.300 44t~02q 44~02<IJ .ooc - 3"3. 349 - 339.0C2 Z4e .. 't9') 

30e 28c4CC 44 .. 204 44.0]0 .CSt - 3'.i8.351 - 338 .. B82 246 .. 815 
400 32:.-400 52 &946 4').1<;14 3.101 - 359.'5(l4 - 332.169 UH .. 48'9 
5CO 15.400 bO .. 511 41.518 6 .. 497 - 3'S<J'.235 - 325.361 1425215 

.00 31.7')0 b7 .. 178 ')0 .. 250 lCalS? - 358.727 - 3l8.bzq 1l6~ 061 
100 19.400 73 .. 125 S3 .. !Ol 14 .. 017 - 358.051 - 311.997 91. 'tIC 

.00 43 .. 000 78 .. a67 55 .. 'Hl 18 .. 317 - 3'56.9n - 305.4'96 83 ..... 58 

'00 .tt-l .. MO 8) .. Qll 'S8 .. 802 22.617 - 3"'5 .. 929 - 299 .. 122 72.637 
1000 ... 3.000 88 .. 462 61 .. 545 26 .. 917 - 354 .. 936 - 292.8064 64 .. 005 

1100 4J.OOO 92 .. 560 64 .. 181 31 .. 211 - 3Q1 .. 603 - 284 .. 655 56 .. 50)6 

H~~- ---Z~:~~-g-----~~:ni ----t~:{-~-~-----~~~;n ~---:: -~~%:-6~~ ---: -~~~!~ -ii---~ --12 -:21E 
1400 43 .. 000 102&930 71&418 4" .. lIl - 337.704 - 255a951 395 '956 

1500 43.000 10'5 .. 891 73 .. 619 48~411 - 386.37'9 - 246 .. 585 35~927 

1600 43 .. 000 loa .. 67'2 75 .. 124 '>2 .. 711 - 385.01,,- - 237 .. 3Cl 32s"l5 
1700 "3.000 11l.27~ 71 .. 140 57~O17 - 395a181 - 228 .. 00B 29 .. 312 

1800 "3.000 113.737 79.611 61 .. 317 - 394 .. 1&60 - 216 .. l76 U)~4qO 

1900 43.000 LL6.(\6Z 8\ .. 5Z6 6S .. bl1 - 3'B .. l'S3 - ZQSa42.0 23. ":;14-

2000 43.000 11S .. 267 83 .. 309 M .. "Ul - 3ql.B53 - 198.7:19 ZI .. 116 

2100 43.000 120.365 R5.024 74 .. 211 - 390 .. 564 - lB9 . ..lC3 l~. 6ae 
2200 43 .. J()0 122 .. 366 86. .. 616. 78 .. 5.1\1 - 18q .. 2:<I"Z - llq .'i41 11.836 
2300 "'3 .. 000 1l4 .. 277 88 • .270 82 .. Bll - 3aS.(nO - 110 .. 037 lbol'H 

2"00 "'3 .. 000 126.107 aCJ.SOS Bl .. ll1 - 386.783 - lbO.583 1".623 
2500 43 .. 000 il7 .. 862 ';1 .. .296 9l.417 - 385.5'55 - 1'51 .. 189 13.211 

260C 43 .. 000 129 .. 549 91.n5 Q5 .. 111 - 384~33'iP - 1-111 .. 832 ll~ qU 
2700 ~3 .. 000 131. l70! '04 .. 128 lOO.017 - 3S".Ult - L32 .. 532 lO~72a 

2800 43 .. 000 132 .. 135 95.480 104 .. :517 - 3a:l~'ll1l - 123 .. 2'70 9.622 
2c;OO H .. OOO 13 ... 244 96 .. 190 108 .. 617 - 380 .. 817 - 1.14 .. 047 8 .. '519'5 

1000 ~J .. OOO l'3S.702 98 .. 063 l!2~917 - 319.684 - 104 .. 811 7 ~640 

Ju.ne 30. 1912 

K
2

0
3

S i 

POTASSIUM METASILICATE (K 2Si03 ) (LIQUID) Gf'W ::; 154.288 

5298.15 (44.03J gibbs/mol lIHf;98.15 [-358.35 5] ked/mol 

1m :: 12~9 K /iHm- [12:! 3] kcal/mol 

Heat" of fOl'mat:ion 

The. aHf29a(~SiOJ' t) ::; -358.35 !; 2 kca.l/l'!'lol has been calcul.!ted by adding the cstil!lated heat of fusion, reduced to 

,98 K wit:h the pl"esent functions, to the heat of formation of K2Si03 (C). 

~.f~~~_ty and Entropy 

The heat capacity of K
2

SiOg Ct) has been estimated. A constant Cp of 143 gibbs/mol for 1<2Si03(0 was selected above 

a hypo'thetic41 gla.ss transition temper4t:urc of 700 K. Below this teillpero.'!tture the heat capacity was 'taj(en as tha"t of the 

crystal. 

Mel tins Da 't a 

See K
2

Si0
3

(c) for details. 
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Potassium Sulfate (K2S04 ) 

(Crysta I ) GFW • 174.2656 

----g!bbs/mol---~ kWJmol 
T,"K CpO s· -(C'-W_lfT H"'-W'_ AlII' act' lAg Kp 

0 .000 ,000 !NF'INITE · 6.019 .. )41.0)0 .. ].111.030 !NrlPHT[ 
I" 15.900 U.1U 66,2" · '58155 .. ]112.186 .. 3313.683 729.26& 
.DO 26.489 30,UO 116.6'" · a.au .. 3.3.20t .. l2 •• ~56S 356.668 ••• :U.362 41.965 't.9U .000 .. 3'3.'40 .. ;US.339 231.1.9 

30. 31.U) ·~.15' 41.966 .05S .. )4I3.5u .. 115,163 229.596 ••• 35.151 51.fU U,2U ).406 .. 3415.345 .. 305,142 166.686 
.DO 38.2l'! 5'.982 '5.193 7.09. .. 3".51) .. 2.5."1& 129.136 

600 40.757 67,118 U.T10 11.0U" )ilI5,6,1 .. 285,.22 103.965 
'f00 .4.108 73.688 '51.1!I70 15.27'2" 3".972 .. 275.4l0 1115.993 

;gg i~:::: X;:U! U::g~ U:;:': iU:1U : nt'u n:a:~ 
1000. "'."'1 92.7415 61.*22 lIt]i'I'" )'2."" .. 244.677 .U • .5U 

1100 41.&U 97.195 61.415 3'.992" lU.SS9 ... 232.091 116.112 
1200 '1,U9 IOI.SO;! 67.131 ..a.9U" 381.700 .. 2tT18~5 ]9.671 

.:~~-} ----~~ ~ ij j ---i r:~{~~· ~ ---}i~ ~I~-----~~ ~-~-:-:- ---;-n~! ~f~ ---~u -~-:-~-~~:~ - - - - -~; !~~{-
1500 66,U9 lU.U! 7',496 58,&U '" )19,66@ .. 176,2]2 25.677 

1600 1'2.'506 lliS.i66 78.012 65.430 .. 375.917 .. 162.787 22.2:)6 
1700 n.e25 121.550 50.612 12.995 .. nll~6t .. lU.S99 19.232 
1600 85.)62 126,:210 830127 iH.20l .. 366.!17 .. 136,662 16.595 
uoe 92.'126 In.036 U.627 90.071' 360.9tl .. 124,061 14.270 
21)00 99.022 1l7.937 fie. 120 99.634 '". 3'54.611 .. 111.75& 12.21.2 

Dec. 31, 1971 

POTASSIuM SULfATE: (K
2

S0
4 

J (CRYSTAL) Gr. ~ 1"."" K2 04 S 

~Hfo -341.03 0,2 kcal/mol 

5 298 •lS 41..96 0.3 gibbs/:nol llHf298.lS -343.51.J:t: 0.2 kcallt=lol 

Tt: 857 ~ 1 K (orthorhombic: .... hexagon4l) 6He 1.787 0.03 ked/mol 

'I'm :: 131+2 K llHm- 8.479 0,06 kcal/:nol 

Heat of X~rma:ti.on 

The heat of formation of K
2

S04 (c) is calcula'ted h'orn the cell measurements of Shib4ta ct al. (1.) who 

st:udied the re4ction at 2S"C. 

2}( (Hi Qm41gam O.~2\) .. HS
2

S0
4

Csat'd) ... K
2

S0
to
(sat ' d) -+ 2Hg(t). 

Alter cort'ecting 'the obsel'Ved voltage for the forma.tion of t:he K-amalgalJ. and conversion to ahSOlll.te voltij we have 

Eeell ::; 3.S9l725 volts for the reaction at: 2S·C. 

2 K{c) + Hg
2

SO .. (c) .... K
2

SOlj(c) .. 2Hg{t). 

Fro:;!. this voltage we calculate llGl";9B ::; -165.656 kcal/mol. taking ~Gfige(Hg2S041 c} :0 -149.589 kcal/mol (1) and 

reference entropies from (l) we: calculate lIHf;9S(K
2

SO
IJ

• c) ::; -31+3.446 kCdl/lIiol. 

Mischenlco And ?ranine'll. ClQ} and Ts .... etkov and Rabinovich (1],) have determined the hea:t of solution. 6HS 29S ::; 5.68 

kcalfmol for the process K
2

S04 (c) .... 2K+(w. aq.) + S04'" <"", aq.). When this is combined wi'th the heats of for:na'tion 

of the infinitely dilute ions (1) we obtain llHf298(K2S01J' c) -= -343.61> kcal/mol. 

We .!.dopt a Dedian v41ue for ~Hf;9B(K:zS04' c) '" -343.54 .t 0.2 kcalimol. 

Hea,'t Capacity !lnd Ent.ropy 

Law tempeI'Ature hoedt capacities h4ve been measured by Moore ilnd Kelley (:±.) from. 52.7 - 295 l( a.nd by Pauicov (~) fro:n 

12.5 - 299.5 K. The hedt: Cdp4cities r'epor'ted by Moore 4Ild Kelley .Ire systematically lower by .:aboLlt 0,5' than -those of 

P4ukov, howeveI' the 3 298 '" lfl.S6 gibbs/aol c:alcul.sted from the Paukov da'ta agrees well with the Moore and Kelley value 

(42 ~ 0.6 eu). 

Heat' capAcity data !llfldsured by adiabd'tic calori.ele'(!"y in the range 29R.S - 773.7 K has been reported by Shmidt (.§.). 

In addition, dr<op calol:'imetric measurements haVe been t"eported by the following workeI's; Shontat:e and Naylor '1.). Dworkin 

and Bredig (.§.l, and Rubinchik <'!t al. (~). The lB.t'!.;:r three workers detec'ted dnd mea.sured a heat of transit:ion at 857 K 

where J\2S0., exhibits an orthorhombic to hexa,ional cryst:al structure change. The heat capacity and enthalpy Curve between 

298 K and 857 !( was established by orthogonal polynomiol:i. curve-fit:ting of dll the da.ta listed above. These data were in 

good agreement IOxcep't for those of Shoftl,a,'te and Naylor whose values were systematically hiih by about 0.6\. 

In the hexagonal crystal phase region (857 .~ Tm) a similar enthalpy data. compaI'ison was made u9ing the d<',lta froJ:! 

references 1, a, and 9. The smoothed turves agreed well but the values from reference 7 were high by 0.6\ as 1n the lower 

tempera ture phase. 

Transi 1:10n 011 ta 

The orthorhombic to hexagona.l transition temper,!.tuI'e for K
2

S04 WAS selected as 857 .t 1 K from 'the recently reported 

calorimetric work of Dworkin and Bredig (l!) and Rubinchik et al. (~). The enthalpy of t:r4nsition was determined by ta.king 

the difference between the adopted enthalpy cut-yes extra.polated 'to 857 K. 

Melting Data. 

The adopted melting point: of 1342 X WIlS deterr.tined by SholIl4t:e dnd Naylor (Z) and Rubinchik et: al. l.~). The heat: of 

fusion, 8.479 kcal/mol is calculated from the difference between the sJ:!oothed relative enth4lpy of thee liquid (see liquid 

table) and the adopted enthalpy value for the cryst:al a.t TnL 
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Potassium Sulfate (K2S04 ) 

(Liquid) GFW - 174.2656 

~---Bibbol""---

_ .... 
T,"K Cp' s· -(G'-8" ... )rr W-H" .. AUt' act' !AsK. 

• , .. , .. ... 31.362 51.581 51.987 .000 .. llt.eae !II )06,515 2:14,682 

, .. )1,"'3 !ll.n) !il.S3& ·.c~a ... UI.5!12 .. 306.358 223.182 ••• 35.)'51 610386 ~U.8"1 l.406 '" 333.653 '"' 297.,99 162.601 , .. 38.218 69.60. 55.4U 1.094 ... 3)3.851 ... 288.551 126.128 

••• 4O,15T 16,600 !UI.392 u.o", .. 333.719 .. 219.,o. 101.809 , .. 441.108 8l.HO 61.1192 U.27Z .. :SH,UO ... lTO.U! 8 .... U ••• 50.4" 89.565 6&.610 ,9.9U .. ).',U! !II 262.827 71,601 ••• 41,050 9'.10J' &1.697 14.669 .. !l4.218 ... 252.573 61.333 
to~o 17'.050 too.ou 70.6110 29.374 .. 3.:1,050 ... 242.1152 52.988 

1100 41'.O50 104.5$1 73.568 ]C.on ... ]'I"9,UO !II 230,401 45,716 
1200 U' .050 1011.6$2 16.322 ]8.184 .. ]75,16' !II 216.892 ]9.501 

tl~~ -----}}~ ~~~ ---f Ii! i~~-----:-1-~r~t -----~ ~ ~{{~--- -~ -l~~ ~~if- -- ~ --~-~-:-:-}}~-----li! n{-
t5CO 47 .050 119.1'1 83.8'1''5 52,199 373~560 '" 177.110 25.805 

1600 "'.0'0 122,17l!i 86.1'5 51.60' .. 312.651 .. 164,060 22.1110 
HOO 47.0'0 125,031) U.3l'S 62,309 .. ]TO.'5' .. 151.10' 19.426 
uoo 17.0§0 127,720 90,190 6l',01· 369,or. .. 138,213 16.785 
~9CO " ,esc 13'0.26) 92.!IoH 71.l'19 .. 361.609 .. 12'.4!'l1i1!1 14.4H 
2000 .7.0§0 tn.en 94.1065 f6,U' .. 366.155 .. 112,752 12.321 

:UOO .710~O IU,9?, 96.339 151,129 .. 364.116 .. 100,117 10 1 119 
2200 47.050 137.161 98.1U 85.33. lU.U' · 8'.519 e,'" 
2300 '",050 139.253 99.1815 '0.53' .. lU .!!I91 · 75.056 7.131 
2800 IT ,050 141.255 it>l,!!"!) 95.2114 360,'50' · 62.605 5,101 
UOO 47 .OSO lU.i7'6 103,196 99.919 .. n'.Uf · 50.226 1.391 

2600 47 ,050 IU.021 104.769 10fl.65. ,n.786 · 31.890 hln 
21"60 17 ,050 146.797 106,29] lO9.3!U 356.1159 · 2'.616 2.07] 
2800 4:7,050 148.508 107. T1'1 11 •• 061 .. "5,IS? · 11.!88 1.0"5 
2900 .., ~O50 UO,159 109.20. 116.'69 .. "'.877 1.199 .090 
]00'0 .1.050 151.154 110.'96 t23.U" 352,622 10.9]9 ,797 

Dec. 31, 1971 

POTASSIUM SULFATE 0<2S04) (LIQUID) GN' 1,","" K204 S 

S;96.15 51.59 gibbs/mol tlHfise.15 -331.85 ked/mol 

Tl:! ::- 13~2 K tlHm.- e .1<79 kcal/mol 

Heat of FOI"'/l'l.4tion 

The Mif2SS(K2S04' t} is calcula'ted from lIHf;9S(](2S0I.J.' c) ::- -31.J3.45 kClll/1'llol by adding the hea't: of fusion and 

the difference between H
13

1j,2 - H29B for 'the crystal and liquid. 

Hea.t C4pacity and Entropy 

TherJl'la.l properties of )(2S0to(0 were derived from the da.ta. of Sholl'late And Naylor (1) and a single da.tul'll at 1344.S l< 

by Rubinchik et 41. el). A constant heat capacity of 47.05 gibbs/mol W,,"S selected above II hypothetical g1489 transition 

at 800 K. Below the glas£; transition the neat capacity WAS taken as tnat: of the ol''thorho/AbiC c'l'ystaL 1'he S29S(K2SOij' t) 

.51. SS7 gibbs/mol was calculated in a manner .an.alogous to that of the heat" of foI'tl'l.llLt:ion. 

Heldng_p~ 

See )(2S0to{c) for details. 

References 

1. C. H. Shomat"e and S. r. Naylor, J. Amer. Chern Soc. !II 72 (191.15). 

2. S. M. Rubinchil<::, E. 1. 8aruhek, V. A, Sok010 ... and A. I. Fornin, Zhur. fiz. Khim. !!1, 1069 (l91l). 
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Magnesium Unipositive Ion (Mg+) 

( I dea I Gas) GFW - 24.31145 

________ ~mM------_ kaol/ .... 
T,"K CpO so -(Go-...... )rr H"-H"_ """ • ,00 

200 
29' " ,96t\ 36,!H9 )jI,,819 .000 '13.087 

,00 <!.96t1 36.910 36.1519 .009 213.094 
'00 ',96a 38.339 31,or" .'506 213 • .!Ii14 
500 4.9to~ 39,1148 )7,442 1.003 21).1"12(. 

.00 1iI.96t1 40.353 H.lI'!!" 1.500 214.151 
roo .. ,91'08 41.119 3~ .261 1.996 214.4')0 
.00 4.961'1 lit ,782 31'1,666 2.49] 214.719 
.00 4,966 42.)66 )'1;1.0135 2.990 214.952 

tllOO 4.'U.t; 42.891 39.1104 3.lIeT '13.027 

1100 4.9cb 43.36~ 39,7113 3.ge4 213.219 
1200 .,9tHI 43.791 40,063 4.1I1l0 213.3S4 
1300 4.968 440194 4(\.366 4.977 213.525 
11100 4.966 44.563 40,653 5.474 1113.215 
1500 4.96e U.905 IH).925 '3.971 Hll.7,:;! 

1600 ... 968 45.226 41.18'1 f.,467 ,64.267 
1700 11,966 45.52r 1.1\.430 6.9611 1/10.764 
1600 1I.96t1 115.611 1.11.666 1,461 1'IS.t'61 
1900 4,966 116.08(,\ ':If.S91 7.958 111'),7'59 
2000 II/..96tl &6.335 1I?,107 1!.1I5S l!1ft,25& 

2100 4.9~'!! 46.'577 4'.314 6,9'51 
2200 4,9!'>!! 1i16,808 42.'513 9,4118 
2300 ~.9MI 47 .029 4:?ros 9.911') 
2400 4.96e .7.24IJ 42.S>!!9 10.4112 
?500 4.91'1tj .T.1iI43 113.068 10.939 

2600 4.96& lIT .635 1I:S,2110 11. 4 35 ,89.232 
2700 40'966 117.625 43.40b 1l.932 1&9.727 
2800 ",.966 118,006 113.')67 12.1129 190./22 
2900 ".966 118.180 113.723 12.926 \90.716 
3000 4.96M 118.]119 11].87'5 13.112) 191.208 

3100 4.96b 1i18.S!2 41i1.0:?2 1).919 191,697 
3200 11,966 118.669 11/1 0164 14.416 192.H16 
])00 1I,96e 118,622 114,30] 14.913 192.1073 
311100 4,96f!: 48,971 4/11,4]8 1'5.410 193.157 
1500 1I.96b 49,115 l1li.570 1,),907 19].638 

3600 11.969 "9.255 "1111.698 \6 .. 40] 194,11.1 
HOO 4.969 49.391 44,623 16$900 194.5&6 
]800 ... 9""9 49,523 44,945 11.391 19'5.055 
3900 4,910 49.652 11";.064 11.694 19'5.'51Q 
41)00 4.970 49.776 4'!i. t80 te.391 195.976 

4100 4,911 49.901 1I!i.294 tl!.888 196.112 7 

!- '200 4,972 50.021 45 •• 05 19.366 196.873 
4]00 11.973 50.138 40;.51. 19.683 197.]t0 

;J 40100 4,915 50.252 IIS.620 20$380 191.740 

'< 
4500 ~ .976 50.3611 45.724 20.d76 t9B.t6t .. 
4bOO 4,918 50,1113 45.826 21.376 195,'H4 

n HOO .. ,9(\1 50.550 4"1,926 21.87) 198.9f7 

if <UIOO ... 9IH 50,655 .1'1.025 22.312 199.371 
4900 ... 980 50.7eS 46,121 22.870 199,)'54 

? 5000 1i.969 50,15159 4{..21S 23.)69 200.126 

... '5100 ... 99,} 'SO.9ae 46.301:1 21~868 :?OO.481 
It 5200 .. ,99b 51.0eS 06.]99 24.168 200.1!37 
:'" 5300 ';),002 '510160 4A.AMI 24 ~e68 201.175 

tJ 
SIIOO ).O!"ll; '51.214 .6.516 25.368 201.500 

D OSSOo S.OI3 :S1. )65 46.662 2'5.869 201.1J11 

1 5600 ).020 '51.11'56 0,..147 26.371 202.11 0 
5700 :).027 '!d ,545 46.e]O '6.813 202.395 

< ~~OO ~.03a '51.632 01'-.912 21.376 20:?666 

~ 5900 ) .O"~ 51.71e! ."'.993 'n .81'51) 202.922 
~OOO ';).0'51 51.80) 47.012 ~~ .355 203.163 

.W 

Z 
~ 

~ 

-0 

" ... 

dGI" Loo Kp 

202.9)4 1415.755 

202.ert 147.791 
199.404 108.949 
195.1'147 1'15.60" 

192.219 70.016 
1813.540 ~8. 865 
184.620 50.490 
181.06111 43.969 
117.47. 38.787 

tn.9QI'! 34.5'52 
110.326 31.021 
166. r32 - 26.030 
163.601ll 2'!1.'540 
le2.IS6 23.631 

160.'29 2t .955 
159.244 - 70."72 
157.729 19.1'51 
156.t 116 17.96"'1 
1'54,616 16.1!!96 

1~3 .O:?! · 15.925 
151.40'5 IS.04I 
1119.'65 · 14.231 
I&S.102 · 13.456 
146.41/'1 12.eoU 

14 •• 7t7 12.165 
1.12.99'5 11.57'5 
141.254 11.025 
139.498 - 10,')1 3 
137 .r?] - 10.0]) 

135,931 - 9.56) 
\300114 9.160 
132.]02 - 8.'62 
130.46!'1 8.366 
128.615 - 8.031 

12601"5t 7.695 
124.874 7 .376 
122.985 1.073 
121,079 6.75') 
119.165 · 6,511 

117.239 6.2119 
1150302 6.000 
113,]54 ~, 761. 
II t ,]99 ').53] 
109.4'31 · '5.3!5 

107.oll56 · 5.105 
\05.470 · 4.904 
10].476 · ... 711 
101,476 · 4.526 

99.466 · 11.348 

97.446 · 11.116 
9'}.4?4 · lI,vtl 
93.396 · 3.851 
91.356 - 3,69' 
89031· - 3.549 

87.265 - 3.1106 
eS.21h 3.267 
8].10;3 3.133 
tlt.094 3.004 
79.0n - 2.8n~ 

IiAGNESH1M UNIPOSITlVE ION (Mg") (lOCAL GAS) GFW = 24.311'+5 

Ground State Configuration 2S112 llHfO = 211.3 O.S kcal/mol 

S29B.15 = 36.979 t 0.005 gibbs/mol 6.HfisB.15 213.1 t 0.5 ked/mol 

Electronic Levels and QuantuJn Weights 

He!!. t of Formation 

-1 . 
~ ~ 

35669 ... 2 

35760.91 

69805.19 

Mg+ 

We derive the heat of fOI'Jn4tion at 0·1( from the Nl:4ction lig(g) - e-Cg) ... Hg+(g) using the JANAF auxiliary value 

for Hi(g) and an ionization poten'tial of 176.325 kClll/mol from Hoore (l). 

Hellt Capacit:y 4nd Entropy 

We adopt the electronic levels and quantum weights given by Moore (~). Levels above 70,000 cm- l are not included 

since they ha.ve no effect on the t:hel'll'.odynruric functions. He - H
298 

= -1.461 kcal/mol at O·K. 

~ 
1. C. E. Moore, N'SRDS-NBS 34. 1970. 

t:. C. E. Moore, U. S. Natl. Bur. Std. Ci!"c. 467, 1949. 
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li Magnesium Sulfide (MgS) ,.. .. (Crystal) GFW 56.376 :" -
1:1 
Q 

ji .... "" ... I--~ ,",,~moI 

~ 
T,"K CpO S" -(G'-B" ... Jrr If'-w ... MIt' 

• ,000 .000 INF'Ir>HfE - 1.992 · 81.4113 

!-' 100 5.420 2.610 20.666 - ,.806 - 8t .575 
20. 9.,90 7.910 tl.9l!1tJ - 1.016 · 81.700 

:z 2 •• 10.890 12.0]0 12.030 ,000 - 81.700 

0 
30. 10,910 12,097 12.030 .020 81.701 ... '00 tl.429 IS.Hot 12.46'} 1.1)9 52.29'S 
500 \1.700 11.697 13.)Q2 2.298 - 8Z.711'> - 600 11.900 20.04e 14.2!!2 ).41'8 · 83.062 00 

I::! 
700 li!.IOO 21.898 15.21:) 4.678 - 61d55 
600 12.300 23.~26 16.1~" ~.Age - 96.685 
•• 0 12,500 24,967 t T .0506 r.ll8 · 96.644 

1000 12.700 '26,)14 17 ,916 8.39& 9",10. 

1100 12,900 21.5J. 18.736 9.678 · 9!!1.70Q 
1200 13.100 28.66S 19.517 10.975 · 98.6S0 
1300 13,300 29.121 20.261 17..298 98.6'58 
1400 13.500 30.714 20.973 1).6)8 129.009 
1500 1 J. 700 31.652 21.6,,4 14.99~ .. 12A.'59A 

1600 13,900 32.';)4] 22.307 16.)18 t 2i!1.tS9 
1700 t II.}OO 33, 392 22.934 11.176 127. lOS 
1800 14. ]00 3 •• 20] 23.536 190196 .- 127.232 
19 00 liII.500 H.Y52 2".120 20.638 .. 126.738 
ilOOO 111.700 35.731 24.682 22 .098 .. 126.226 

21.00 \0. .900 16.II'5l 25,2'2'.:> 23.~7e 12'),695 
noo 15.100 31.150 25,151 Z'5.076 125.14. 
2300 1::'.300 31."26 :.'6.262 ?".598 12".57. 
~IOO I ~.~OQ 315.11'51 26.151 2/11.138 .. 123.984 
:1500 1..,.700 39011 B 27 .239 29.098 .. 123.375 

nee. 31, 1960; Dec. 31, 1971 

"GI' Log Kp 

- 81.A1I3 INrPHTE 
61.312 117.707 
81.091 eB,61(1 - 80.682 59.141 

eO.675 5&.712 - &0.305 43.677 - 79.757 )11,862 

· 79.133 28.82' 
78.4)0 24,4ar - 7&.976 21.57~ - 76.165 18,641 
710375 16 ,255 

- 71.963 14.294 - 69.'510 12.660 · 67.079 11.277 - &40171 10.018 - 59.556 6.677 

· 54.96' 7.508 
'50.406 &.480 - 4S.873 5,570 
41.36') 4,7'58 - 36.885 4.031 

32.1l3_ 1.H~ · 26.002 2.re;!! 
23.600 2.212 - 19.223 1.150 · li1.IHi 1.300 

HAGNESIUH SULfIDE 01gS) 

Si98.15 :: 12.03 t 0.1 gibbs/mol 

nn > (2273) l< 

Heat of Formation 

(CRYSTAL) 

MgS 
Gf'W :: 56.376 

tr.HfO ,. -81.4 :!: 0,5 kcalhnol 

ll.Hf296.1S -81.7.t O.S ked/m.ol 

WClr'1:enberg (1:;) measured the heat of solution of MgS in hydrochloric a.cid solution as .llir :: -33.9 !: 1 kcal/mol 

for HgS(C) + 2HC1(30 H
2

0, Ilq) .... HgC1
2

(30 H
2

0, Clq) + H
2
SCg). 'We derive Mlf;98(HgS l e) :: -82.0 .t 1 kcd/mol, using the 

following da.ta: llHf;98(HCl. 30 H
2
0, aq) = -39.357 kcal/mol (V, nHf29S(H2S, g) :: -14-.88 kcal/lll:ol {~). and 

DJif;gS{MgC1
2 

• 30 li
2

0, a.q) :: -189.80 kcal/mol (~). 

JAMAr analyses of equilibrium studies (2,. !) of MgS(c.) + HZO{g) .... HgOCe) + H2S(g) are listed below, The pressure 

data of Curlook (.§.) And Dewing (!) are in reasonable agreement, The hea.t of formation derived from the third law 

DJir
298 

is in very gOOd agreement with the valu!! determined by solution calorimetry <.!). The assigned uncertainty is 

.!: 0.5 kcalfmol since the free enel'gy functions of MgS employed in the calculations are partially based on estimated high 

temperature Cp values. 

No. of .oHri98 kcallmol 
Investigator Te:np 00 ~ 2nd Law 3rd i...d.W 

Drift .1.Hfo Z9S OfgS, c)* 

(kcal/lllol) 

Curlook (~) 1180-1483 -8.49.!:O.S9 -9,19,tO.21.! -O.60tO.45 -81. 59 

Dewing (.!p 1267ml768 -S.S3:!:O.38 -8.73!:l.Ol ~2.23!:0.Z2 -82.06 

* 3rd law 611r298 is used to derive lI.Hf 29S (MgS, d. 

Heats of formation derived from solution calorimetry <;) and equilibrium studies are in good agreement. 

avero/lge, IlHf
29S

CMgS, c) ;;: -S1.7 :t 0.5 kcal/mol, is selected for the tabulation. 

A weighted 

oI:to 
U'I 
C» 

n 
::c 
l> 
11'1 
m 
m .... 

Heat CAp4ci ty and Entropy l> 
Stull et al. (!) measured adiabatic.!llly the low "temperature heat capacities froll'. 1S - 320 K. Their sm.ooth values are r 

adopted in the tabulation. The entropy. S;98 ~ 12.03 .!: 0,1 cu. is based on S· :: 0.010 eu at: IS K. The Cp values above 

320 K are estimated by graphical ex't:l"Clpolation. 

Mel Hng Da.ta 

HgS :nelts above ZOOOcc (2) and no other literature melting data ia available. 

References 

1. H, V. War"tE.nbf:r&. £" MOT'S- Che.m. ill, 136 (191+3). 

2. u. S. Natl. BUr. Std. Tech. Note 270-3, 196B. 

3. JANAF H
2
S(g) table dated Dec. 31) 1965. 

I.!. The value, aHf;!n;~(HgC12 • 30 H
2

0) aq) :: -189.80 t 0.1 ked/mol. is extrapolated from Mlfis6 values for aq. MgC1 2 
selected by V. B. Parker, U, S. Natl. Bur. Std. Rept. 9903, p. 120. Jan. 1. 1968. 

S. W. Curlook and L. l'I. Pidgeon, Tra..n5 AIME ill, 671 (l9S8L 

6. D. R. Stull, D. L. Hildenbrand, r. L. Oetting <md G. C, Sinke, J. Chern. Eng. Data lJ., 52 (l970). 

7, E. Tiede and A. Schleece, Berichte g, 1721 (1920). 

8. E. W. Dewing and F. D. Richardson, J. Iron Steel lnst. ~. 56 (1960). 
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Magnesium Sulfide (MgS) 

(I dea I Gas) GFW . 56.376 

~--_glb"'I ... I ___ ~ ""-lImo! 
T. "K CpO S" -(G·-...... lrr H"-H"_ MIt' ~G" 

• .000 ,000 IHrl,.P£ . 2.207 62,042 62.04112 
1.0 r.020 4'5.6~O 60.7")7 . 1.'H1 62 •• 20 53.379 
,0. r .656 '50,692 "54.590 ,760 62.196 54.289 ,,, ti.1B? '53.856 53.&56 ,000 62.000 50.50:6 

,0. ti,tOO 'B.907 53.6'56 ,015 61.99. 50 •• n 
•• 0 e •• '" '56.308 "S4.182 ,t'I'$O 610116 46. T08 
,00 0.60;6 '53.222 54,eos 1.70a ~O.3911 1].191 

•• 0 6.765 '59.el1 55. '5 11 2.5150 5 9 • 1 0110 39.812 
700 8,8)7 I)J ,167 56.?2. 3.111\.0 '59.12 7 36.'564 
.00 6,8 9 0 62.351 56,916 4.]47 115.464 32.111 
'00 0,93" 63.401 57.581 '5.23~ 4'5.156 )0,116] 

1000 6.977 64.).114 '56.211 6.1H 42.692 29.0]0 

1100 9,0'6 6'5.202 '58.608 7.034 42.347 27.618 
1200 ;.1.01'16 6'5.990 59. )14 '/'.9)9 Q 1.951 26.361 
DOO '11.1 7 1 66.720 59.911 8.8';2 41.'596 2'5.076 
111100 "'.279 67.11011 60.422 0.7741 1°.621 241,300 
1';00 \/.416 611.01l 9 60.909 10.709 10,617 2'5,261 

1~00 9.'582 68.661 61.)75 11.6S8 1°.621 26.224 
HOO 9,776 69.245 61,821 12.626 to.84) 27.1e1 
10500 "'.997 69 .611 62.249 13.1'114 ,0.58. 28.1111' 
19 00 1,1.).219 70.360 62,61)2 14,"~6 10.950 29.105 
2000 1(1.499 '1'0.892 .... 3.0"0 15.663 It .0)9 )O.O'5A 

2100 10 • .,.,,9 71.1110 63.11115 16.1'26 11.15] 31.00. 
22DO 11.°116 "1.9'!8- ~n . .e19 !7 ."'27 ! 1.295 31#949 
2]00 11.322 7i!.4t 5 64.1 82 18 • 9 15 11. 46) 32.884 
2400 11.592 72. 9 02 64.535 ZO.08j t t ,659 H,810 
2500 11.852 7 3 ~ J81 6 A.!!I 79 21.<'53 11.S80 34.7'2'8 

2600 12.097 73.6'Sl &5.216 22. 0lil 51 12.126 35.639 
;?700 12.324 14.111 6~.~u 23."72 12.390lil 36.537 
2600 12.531 14.763 6~.e65 21l. 9 1'5 12.663 37.4'3 
2900 12.717 75.206 66.160 26.1 78 12,991 3~ ,30. 
)000 12.679 75.61l0 66.4F1& 21.1l58 13,313 ]9.172 

3100 i J.018 1"6.065 ~6. 790 2801'S] 13.6~O 40.028 
]200 13.130lil 1'6.460 61,066 ]0,060 13.99'5 .0.872 
3300 13.229 16.686 67.li'7 31.]79 t4,3S1 41.705 
3400 D.l0 2 n.262 67.663 32.70'1 14.710 42,5n 
)'500 13.357 17,668 67.943 34.0)9 t'5.073 43.)41 

),600 IJ.393 78.04'5 65.216 35,)76 1'5.·36 4401&16 
3100 13.413 7&.412 68.'~9 36.717 t";.797 0lil4.940 
3800 tl.419 76.710 "8~155 ]&.0'58 ,4'>01 '55 .5.7:?2 
1900 13.111 )'9.11 9 69.016 39.400 t6.'50& &16.41)2 
11000 Ij.).91 19.456 69.213 40.140 16,111'53 4'1" ,26\ 

4100 13.3"'5 79.188 69 .52'5 42.076 17 0189 &1".016 
l- 11200 13.329 eo. 110 6 9 .77a 43.1113 17.'SlS 48.763 ... "lOO 13.:?A6 80./1123 70.018 /ll1I.'I"UI 17 .1\29 *9,5002 ,... l1li00 13.237 80.726 10.2'56 0116.070 16.130 50.237 

~ 
4500 1J.16a 81. 0 25 70.494 47.391 16, oIII t 7 50,961'1 

40600 13.127 81.31 4 70.726 48.70' 16,690 51.615'5 
n HOO 13.067 81.596 70,9'54 '50.016 18.947 '52.391\ ,... 4"00 13.00S 81. IHO 71.t 79 51.)20 19.t67 '53,107 
CD $901') 12.942 82.136 11. 4 00 '52.617 19,41 0 '53.515 

!I 5000 12.678 82.399 71.61 7 53.906 19 .615 511,5oD 

:0> '!IIOa 12.814 1';2.653 11,!31 5'50193 19 ,1'102 55.206 

~ '!I200 12.7'50 82. 9 01 72.0111 56.41'1 1 9 ~970 55,901 
5300 12.61'17 111.3014) 72 ~ 2 .119 5'1',1'/13 20.120 56.592 

C 0;400 lZ.6?4 63.360 72.452 503.006 20.:l49 57.27'1' 

12 '5500 12.So<,2 A).&ll 72.6'S3 60 .~6e 20.359 5'1' .962 

.g 5600 12.50 1 "3.I'IJ1 1'2.&51 61.~:n 20~,u7 5A,U5 

< 
'i700 12.U2 1'14.058 1'3.046 62.1'68 20.''H5 '59,)29 
'5800 12.31'14 IU.27. 13.237 1'14.009 20.'5.62 60,005 

~ '5900 12.3"6 1j4.118;5 73 •• 2& 65.2.5 20,"1H! 60.615 6 
"000 12.27 J .,,, .69 1 n,612 1!o6.cH5 2f'1,592 61,365 .... 

Z Dec. 31. 1960j June 3D, 1971 

!' 
,!') 

00 ..... 
.;0. 

lAo Kp 

u,rHHT[ 
.. 127*587 

59.32. 

· 37.052 

· l6.n2 

· 25.520 

· U!I.1!I'/'9 

· 1·.5ill 
t 1.416 · 8.n3 

'I' .397 - 6.345 

5,'99 
A.eOI 
4.216 
3.793 

· 3.61H 

3.SI!I;:J - 3. 495 
3.'117 - 3.348 · 3.21!l5 

3.227 
).p .. 

· 3.125 - 3.0'1"9 

· 3.°36 

· 2. 99 6 · 2.957 
2. 9 21 
2.eS7 · 2.654 

2.822 
2.791 
2.762 · 2.7,]0lil 
2.106 

2.680 
2,65'5 
2.630 · 2.60'5 
2 ~'5e 2 

· 2.'559 

· 2.5:31' 
2.'516 · 2.49!!o 
2~475. 

2' • .456 - :1.'.·37 - 2. 4 18 
2.1100 
2.383 

· 2.366 
2.349 
2.33" 
2.318 
2.303 

· 2.289 

· 2.215 - 2.261 

· 2.248 - 2.23'5 

MAGNESIUM SULfIDE Oi~) (IDEAL GAS) Grw :: 56.376 

Ground. State Configuration 11:+ .llif; = 62.0 l' 8.0 kcal!m:Jl 

S298.15 53.86:t 1.0 gibbs/mol C.Hfi9S.15 62.0 t 8.0 kcalllJlOl 

Ele.ctronic Levels and Quantum Weights 

" ~ . S26.3~ cm- l 

Be:: 0.26563 cm-1 

Heat of Formation 

1 
State ~ ~ 

X1 Z+ 

a( 3n 1 

A[ln 1 

S'l 1 11 ] 

b[ 32:, 

( SOOOJ 

( 10000) 

( 15000) 

( 19000) 

ell:+- 23037 

WeXe ':0 2.681 cm- 1 

(l :: O.OOlH cm-1 . 

(6 J 

[2] 

12J 

(31 

l'e = 2.1425 A 

MgS 

Marcano and B4rt'olol q:) experimentally conducted a rotational aJh'llysis of bands in the BI,_Xl, system of saseoUB HgS. 

Their data was used to calculate I! dissociation energy of 73.1 kcal/mol by !Ile4nS of oS line.ar Biroge-Sponer extrapolation. 

We adjusted this value to 65.2 kcal/mol using an ionic chaI'acter correction factor as sugg~sted by Hildenbrand (.!). 

G,!,ydon (1) references two VAlues of the dissociation enerzy. A value of 66.9 kc.al/mol was obtained by a lineal'" 

Birge-Sponer ex"trapolation of older dat~. The other value, also referenced by Mal"C4no and Barrow c.v, is based on a 

Knudsen effusion-mass spectrometry study. this study was unsuccessful in searching for gaseous ligS but se'1:s a limit for 

D;01&5) ~ SS ked/mol. 

The value of 65.2 kcal/ool for the dissociation energy is accep1:ed as the best value. The redson is that it is based 

on the most recent positive da'!:4 Md an ionic correction f4ctor .... hich h4S b'ilen shown to be quite dependable. 

The II groWld state of figS cannot dissociate into ground state atoms. It is assumed that the ground state of MgS 

dissociates into MgC1S O) Md S(lD2 l. The heat of formation adop1:ed -is calculated to be b.Hfi9S(MgS, g) = 62.0 t a.o kcal/mol 
us ing JARAF values for the products (§.). 

He.s:t Cdpad ty and En tropy 

The spectroscopic constants, t&ken from Marcano Wld Barrow Q) for the isotopic species Mg24 S32. w.!re corrected to 

4CCOunt for the nat:ural abundances of the elements. 

To date the literature suggests that all gaseous alkaline earth sulfides have a lZ;+ ground state - BeS (2. §), 

MgS (1), CaS (l,9), SrS (2.) j and BaS (.2,). However, assuming an analogy with the gaseous alkaline eilrth oxides I such a 

gr'Qund state is uncertain due to the suspected presence of low-lying t:riple:t states. Triplet states have been observed 

directly in 80S and indirectly (through perturbative e.ffects) in BaS. In the other three :sulfides, there is, as yet, 

evidence for the presence of triplet states. 

A In state is predicted for HgS oSt 10000 cm- 1 based on experiment411y baaed ln states for C
2 

(.§), BeO (~.>, and 

BeS (7, S) at .... aooo cm-
l 

.and HgO (12) at '\,3500 CJ:\-l. Marcano and Ba.rrow (1) e£larched for this st:ate but could not find 

i't ~ ... e-1l700 em-I. The corresPo~ing triplet, 31'1, is assumed 'to lie 200~ cm-1 lower i.n energy. In BaS the 3 rT state is 

known (through perturbative effects) to lie below HSOO em- l . 

In C2 , SiC, and Si2 A III state is pN!dicted to lie in the range 10000-1S000 cm- 1 <§). In BeS a study of perturbations 

reve41s a III state below 13046 cm- l 
(2). By 4nalogy a lll. sta'te foI" MgS is predicted to lie at 15000 cm- l . A 3 r state! 

assumed 'to lie bet'Ween 'the AI.
1

n] and the B( IZl is estimated at 19000 em-I. This estimation is based on energy level 

calculations. for BeO (!:!) I BeS. and the energy level scheme of C
2

, Si
Z

' and SiC. 
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Nitrogen Dioxide Uninegative Ion (NO Z-) 

( I dea I Gas) GFW - 46.0060 

T,"K 

1M 
2(' .... 
lOB 

300 
Io<j!::' 

'50':' 

.00 
7"0 
eo" 
~~I'J 

101')1"1 

llt:'''l 
1201 
13M 
14'='') 
1500 

16,t,.." 
1700 
lElfj(l 
Pil)O 
10(,": 

2100 
2201) 
23(11) 

24t:'':1 
2'Si)« 

26M 
211),) 

28("1 
2900 
30eo 

310(1 
32"1') 
:no" 
3400 
3'50') 

lMIJ 
,7,)1') 
3~>;'l 

]QCIl 
400(1 

41~O 

4200 
431)') 
441)') 

45~~ 

46('lO 
4100 
.-.800 
4<1('') 

51)1)(1 

51."'" 
521') .... 
'53r)C 
540(1 
5'5I.H 'j 

5Mr.
'51,)1'l 
'5600 
59"'" 
60('(' 

----,pbbol ... I---- .""' ... 1-----
Cpo so -(GO-"'_Jrr ... -w... L>Hr oGt' 

q~ ocz 56~ '521 ')6~ '521 

'i6~521 
':$6.61$6 
·H.6C'~ 

.C"t:'l(" - 46.451"' - 4.?3St 

9."lS 
t).928 

lro .. 1~q 

li.386 
11.8a2 
12.259 
12. '5""7 
12 .. 11') 

12.944 
13.(HI3 
13_19~ 
13 .. 2B6 
13.361 

13.42" 
13.471 
13. '.iZI 
\3.'560 
13.'593 

13.621 
13.646 
13.66.9 
13.689 
U.1<)1 

13.124 
13.741') 
U.7'55 
13.76<) 
13.7e4 

U.n"9 
13.814 
13. ~no 
13.847 
13.865 

11.881. 
n.9C5 
13.927 
ll.q':il,. 
11.976 

14.('03 
14.032 
14.1)61, 
H.09b 
14.130 

14.1..b6 
l~.Z('''\; 

14.?44 
14. l86 
14.3?8 

1,...313 
14.418 
1",.465 
lih'513 
14.562 

14.612 
14.663 
\.4~ 1'14 
14~ 766 
14.!H9 

-;6.'577 
'5'9. ZCJ6 
61.6(12 

63.619 
65.41.r. 
61.1)26 
68.481 
69.s21 

71.047 
12.179 
73.(31 
74.212 
1'5. ~ 31 

75.'996 
16.811 
17. S83 
78.'31'5 
7'i.C'U. 

79.615 
8.,.310 
S('."iIl7 
81.499 
e2.0'58 

82.'5<;16 
83.114 
83.61" 
64.0':'1 
84.56" 

85.016 
8'5.<\>55-
85.880 
86.2'9)-
66.695 

51.cab 
87.466 
87.837 
66.i."J1jI 
89.'553 

88.898 
69.236 
6<,1.567 
64',1.890 
9(,.208 

'90.51Q 
90~ 824-
91.123 
'H.417 
91.7f'J6 

91~9'9C 
Q2.210 
92.54'5 
92.816 
93.083 

93.345 
Q3.605 
~lI3. 8eC 
q4~ 112 
94.361 

':$8.442 
0;9.312 
60.171 
61.071 
6\.83'5 

6.2.611 
61.368 
64.086 
blt.77S 
65.10-35 

66.068 
66.677 
6T.2M 
61.8210 
68.1M .. 

loB. 889 
MI.194 
69. S82 
70.354 
7'C.SH 

71.254 
7l.6f:13 
TZ.lnl 
72.'506 
72.900 

73.284 
73.651 
7 ... 02L 
74.376 
74.722: 

15.060 
75.391 
7'5.713 
1'6~OZq 

76.338 

76.640 
76.936 
71.226 
77.'5ol0 
77.189 

18.062 
18.)30 
7S.'5l'n 
78.852 
rCJ.l"6 

19.356 
lq.60~2 

7(1.84'3 
8(1./)81 
8':1. 3} '5 

8('.'545 
8().712 
e.~.qqb 

81.216 
a 1.433 

.017 

.9&4 
1.999 

3.1Cb 
4.271 
5.479 
b.720 
1.9"6 

9.272 
It;. ')710 
li.S88 
13.212 
110.5 ... 4 

1'5.884 
11.229 
18.579 
19.933 
2l.2Ql 

22.651 
24.':1'5 
2'5.380 
26.748 
2~.U8 

2'9.<\>90 
30.863 
12~218 

33.614 
34 .9'H 

16.371 
37.7'51 
39.13'" 
4\'1.511 
41.90] 

43.29f! 
44.680 
46.071 
41".~b5 

48~ 662 

')('.261 
'51.662: 
'53~067 
54.415 
55.886 

51.101 
58e72(l 
6(1 ~ 142 
61.568 
62~ 9q~ 

64.4)4 
65.87lt 
,n~3'l.8 

68.167 
1(' ~ 221 

11.679 
13.143 
14.~b\2. 
16.09b 
77.56'5 

- 48.462 
- lt9.r:71 
- 49.616 

- 50.116 
- 50.";q .... 
- 51.("48 
- 51 .498 
- 51.943 

- 52.386 
- ')2.829 
- 53.215 
- 'i3.722 
- 54.172 

- 54.624 
- 0;0).1':'79 
- 50).54C' 
- '56.(,,(,,4 
- ')6 • .1012 

- S6~ 944 
- '57.422 
- 57.'9("4 
- 59.391 
- Sa.Bin 

- 59.378 
- SQ688C 
- 6" ~3B'5 
- hOe 895 
- 61.41C' 

- 61 e 927 
- 62.449 
- 62 e 975 
- 63.S!.:4 
- 64."36 

- 64.5M 
- b5.1~b 
- 65.644 
- 6b.l63 
- 66.724 

- 67~l66 
- 61.81"'9 
- I'>S. ]'ll 
- b8.S91ot 
- 69.435 

- 69~976 
- 1C1.516 
- 119 C'5!> 
- 71.592 
- 72:.125 

- 7?6'58 
- 73.188 
- n.ns 
- 74.239 
- 74.758 

- 1'5.276 
- 7'597Q(, 
- 76.31.:'(, 
- 76.8('17 
- 77.3('8 

Dec. 31, 19fi5; June 30, 1972 

- 102.31t3 
- 41"'.210 
- 37_931 

- 3".;.541'> 
- 33.')19 
- 3C.547 
- 27.957 
- 25.311 

- 22.634 
- tcJ.909 
- 17.1"e 
- 14.3'53 
- 11.525 

8.666 
5.719 
2.867 

.1)1) -
3.')3-5 -

6.(123 -
'9.032 -

12.063 -
1'5.117 -
18.187 

21.282 -
24.394 
27.5Z4 -
3('.614 
33.84(' -

37.0Z4 -
4('.223 -
43.418 -
46.612 -
49.918 -

'53.U14 -
56.·U2 -
'59.755 -
1b].('H,(I, -

66.381 -

69.716 -
73.o'l63 -
16. "16 -
19.196 -
81.183 -

86.565 -
89.992 -
93.1014 -
96.8'!CJ -

100.28" -

lIn.nq -
F)7.2:~l -
lV:.6.1Cl' -
1,.14.158 -
117.6'57 -

lll.156 -
t14.669 -
\25.10;14 -
1Jl.72~ -
13S~262 -

..... K. 

31.066 

30.847 
21.97" 
16.'579 

12.948 
10.378 
8~ 345 
6.789 
:'i. 533-

4.491 
3.626 
2.8e3 
2.241 
1.619 

1.184 
.743 
.H8 
.'.'1)8 
.332 

.677 

.597 
1.146 
1.317 
I. !i9~ 

1.789 
1.975 
2 ~ 14 6 
2.312 
2.46'5 

2.610 
2.741 
2~817 

1.(·~n 

3~ 111 

:!. Zl'll 
3.335 
3.4'31 
,!>.'53&t 
3~b27 

3.716 
:!.8CZ 
1.884 
:!.9b) 
4.",.1; 
4~ 114 
4.185 
4.2'B 
4. )19 
4. -,83 

4.~46 

4.'51"'6 
4.'544 
4.620 
"'.61,) 

4.728 
4.1M 
4.8)C 
4.979 
4.q27 

NITROGEN DIOXIDE UNlNEGATlVE lOll (N0
2
-) 

Point Group C2v 

(IDEAL GAS) GN '45.0060 N02 
lIHfO;; -46.30 :! 1.38 kca,l/mol 

S299.15 56.52 0.50 gibhs/mol ilHf 29S •1S = -48.45 .t 1.38 kcal/lOOl 

ElectI."'onic I..evels and Quantum Weights 

State 

~ 
(3 B1 ] 

rlBl J 

-1 
~ 

tOl 

(22000) 

(21000) 

~ 
tll 
[31 

tIl 

Vibrationa.l frequencies and Degenerdcies 

Bond Distance: N-O:: (1. 23 !; 0.04] 

Bond Angle: 0-11-0 '" 11 S e :!: 3" 

-1 
~ 

(1320] (1) 
[750] 0) 
1244 (1) 

Product of the Moments of Inertia: lAIaIc::: i25.951;3 x 10-117 ) g3 cm 6 

Heat of fOI'!llation 

o :: '2 

The recent literature concerning the electron affinity of N0
2

{g) is summarize.d in the following table. 

reference 

1. 

2-

3. 

4. 

5. 

S. 

7. 

technique 

magnetron technique, direct: electron-ca.pture process 

endothel"!l'>lc chaT'ge 'tra.nsfer reaction 

endothert'lic charge. trd11si'er reaction 

photocle'tachment of e - from N02 - iro <lrgon ;!latrix 

re4ction of NOZ - with Eel and HBr in flowing after glow sYlitem 

correlation between heats of hydration and heterolytic 
bond dissociation energies 

char:'g;e transfer I."'eactions, flowing dofter g.low system 

clec'tron affinity 
--2iQ2~ 

3.99 :!: 0.16 

:>2.04, >3.063 

'2.30 :! 0.15 

<3.9 

<2.6 

2.5 

'2.38 0.06 

The early literature on the electron affinity of NO,(g) is best summarized and referenced by Berkowitz, et al. <.~), 

Ferguson, et al. '.2.>, and Dunkin, et al. (1). Much of this early data. is not only widely scattered but also conflic't:i.tlg. 

The value chosen for the elec'tron affinity of NOZ'g) is 2.38 j; 0.06 eV, based on the work of Dunkin et d. C.:U. 

This le.eds to lIHfigs(N02-, g) " -'>6.I.!S.!: 1,38 kcal/Il'ol, using JANAr auxiliary data. 

Heat Capa.ci ty and Entropy 

The infra.red spectrUJ'll of the N0
2 

- ion isol.e.ted in an drgon ma.trix was studied by Milligan, Jacox, and Guillory (~) 

and Ililligan and Jacox (ji), They reported 't~at the antisymD'letric stretching fundaJllental was w3 '" 124!l cnt-l . 

HochstNlsaer and l-!a.rche'tti (~). in combination with da.ta irolT' Sidman (!,Q), reported wI::; InS cm-I , r.l2 ::: cm-l 

ilnd rol J ::. 1'2~3 CD'l-l as the vibrational frequencies fOr N0
2

- in NaNOZ(c). Williams (1±.) reported WI = 1320 

(.)2 :: 750 em-
l

, and (,13 " 1220 cm- l ~s the vibr-ational frequencies of the n~trite ion in solution. These fl'cquencie!3 are 

also very similar to the values reported for NO
Z 

(g) by Herzberg (11). The (loll and (..)2 vibrational frequencies of NO;! -(g) 

were assu!!Ied to be the S8roc 6.8 those for nitrite ion in solution (J,J). The value adopted. for 1.13 was that of 

!1.11igan, et <!1. ,~, !). 
!1l11igan, cot al (~, !), via studies of the infrared spectrum of NO

Z
- ion isola.ted in an Argon matrix, concluded 

th4t the isotopic data. were consistent with a O-N-O 4ngle of lIS". Hochstrasser and Marchetti C!), relying on .. 

crystallographic data for NaNO',!(c) collected by other investigators, I'eported the N-O bond distllnce as 1.23 ~ 0.04 A and 

the O-N-O bond angle as lIS' !: Ja. The N-O bond distance in N0
2
-(g) is t1ssurn~d to be the sa.1JIe as that repor'ted fat' NaN0'2(c). 

The electronic states Are estiD'lated by analogy with the electronic levels of the isoelectronic molecule S02 (11). The 
enthalpy between 29B and 0 K is 2.444 }ceaI/mol. 

~ 
1. A. L. FarrAgher, f. H. Pd.ge, and R. C. Wheeler, Disc. Faraday Soc. 12. 103 (19614). 

2. J. Berkowitz, W. A. Chupka., olnd D. Gutman, J. Chem. Phys. ll, 2733 (1971). 

3. C. LifShitz, B. H. Hughes, and T. O. Tiernan. Chem. Phys. Leners 1, 469 (1970). 

~. D. r. Milligan, M. E. Jacox, and W. A. Guillory, J. Chem. Phyr.. 22. 3864 (1970). 

5. E. E. Ferguson, D. B. Dunkin, ar:d f. C. Fehsenfcld, J. Chern. Phya. ~, Aug. 15, 1972. 

6. J. D. Payzant, R. Yamdagni, and P. Kebarle, Can, J. Che!:'l. ~, 3308 (1971). 

7. D. B. Dunkin, f. C. fehsenield, and E. E. Ferguson, Chern. Phys. Letters, in press. 

a. D. E. Milligan and M. E. J4COX, J. Chern. Phys. g, 3404 (1971). 

9. R. H, Hochs'tra.sser and A. P. Marchetti, J. Chem. Phys. lQ, 1727 (1969). 

10. ,;. W. Sidman, J. Am. Chern. Soc • .z2! 2669 (1957). 

11. D. Williams, J. Am. Chem. Soc. g, 2987 (1939). 

N02 

12. G. Herzberg, "Electronic Spectra of PolY4toJ:lic Molecules." D. 'Jan Nostrand, Company, Inc., Princeton. New Jersey (l966). 
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Dinitrogen Monoxide Unipositive Ion 

(I dea I Gas) GFW - 44.0122 

----lIIbboI ... '---- kallmol 
T, "K CpO S" -(GO-W .. ){f Ir'-w ... ~Hl" 

° ,00 
200 .. , lV.101 55.665 'YS.86S ,OOQ JP!.690 

,00 IV.itt! 5~.927 5'5.1"165 ,019 318.698 
.00 ll,1.97tt 58.960 'H.2TJ 1.0T5 .11 9 0199 
sao 11.688 61.488 57.070 7.209 ]1 9 .762 

.00 li.268 63.612 '5'1'.992 3.tl08 320.36iS 
100 12.131 65.599 ')IL944 ".6~9 3'20.998 
800, 1.:1,098 61.32' 59.MS 5. 9 51 ",'1.64'S 
900 tJ.368 ""B.eell. 600.800 7'.276 322. ]01 

1000 lJ.619 700.307 6t.Ml e.626 322.1/61 

1100 13.804 11.614 6~.'52!:l 9.99/:1 373.612 
1200 1J,9'50:' n.822 "l. J)l 11.386 324.281 
1.)00 1<1,077 73.944 64;. tOl 12. r 8e ~24.'Hl 
1400 14.1'/'''' 74.991 6~ .641 lA.101 32"'>.'597 
l~OO 14.263 15.972 6~.5n t'5.623 )201..252 

1600 14,334 16.895 61\.231 11.053 326.904 
1100 1".394 77 .166 61\.890 1".490 ]21.553 
\800 14.4111, '1'8.590 6)' .511 19.93? 3280199 
1900 110.489 79.J72 1>&.120 21.375 )25.542 
2000 1 111 .'5:71 eo .116 6" .702 2:7.829 32 Q .462 

2}00 1"','560 60.826 69.262 Z4.ze4 130.116 
2200 14.589 lSi .504 69.800 2'5. '/'411 130.7'50 
2300 1".615 oS2.153 10,326 2'1'.201 HI.no 
2/100 1.ij.6)6 82."6 TO.6l2 28.664 332.006 
2500 14.658 e).3r' 71.)22 30.129 332.6)1 

2~OO 1 4 .6 7 6 e3.91i9 7,.191 31.596 3)3.251 
2100 1',692 ., •• 503 72.2'H 31.064 131.86.!!1 
2800 1I~. 706 .!!IS.OH! 1'2.10 • 1111,'5]' ]]4.482 
2900 1".719 85.554 '1').138 1&.00'5 ]35.095 
)001) 14 ,131 oS6.053 7~. 561 )1.418 H'5.703 

3100 1".742 86.536 13.971 31!!1.9S1 3]6.308 
3200 1'4.752 87.005 14. ]11 40.426 )]6.911 
.)JOO 1 ... 761 81.459 14.7&1 4l.902 ])?'S!o 
,)400 1 4 ,769 t\7.699 75.\(11 /1).378 )]8.108 
3~00 14.717 86.328 7'; .~t2 U.656 )36.1(;4 

3&00 ,'<I.PI4 fle.TIl' 1"!>.e1' 46. )341 339,295 
HOI) 1.11.191 1J9.149 7t..227 A7.J}12 339.885 
3600 14. PltJ 1'19.544 71.572 49 • .192 )IJO.A7J 

3900 j$.604 M.928 1'6,910 50.17Z )41.060 
4000 14 ,809 90.303 1'1 ~ 240 52 .~~J )/It.643 

!o- 4100 1'",815 90,669 17 .56J 53.n4 342.225 

~ 
4200 14.320 91.0::16 77.519 'S,).216 )42.ao!:! 
<\1300 1".62b 91. )75 i"~ .169 'S6.69t1 34J.Ji!l4 

'< uoo 14.11)1 91,716 "".493 58.1S1 )43.961 

!" 4500 1 01 .8)b 92.049 73.790 59.6611 )4lI,5)5 

n oIOe-OO 1",11\ 4 1 9~.375 79.062 61.143 3"'5.109 
:::r HOO 14.SU, 92.69.11 19.368 6.?o6)2 ]4'5.681 
I) 111300 14.6'50 93.007 '1'9.649 64.117 )/16.251 

?I <\1900 111i.e'55 9).lt 3 79.925 6~5.. 602 )/l6.tl21 
5000 1",860 93.613 ~o .196 67.0SIJ )"'/' .389 

'" I) 5100 14 ,865 93,908 6Q.&62 6~ .~H. )41 .955 
:'" S2QQ l~. ,!P'O 94.196 11.1).723 70~ 06] 3"i!I,'522 

0 '$.300 1'1.67'5 94.480 80.980 11.'5Q6 )Q9.0&7 

CI 'SIt 00 1"'.!!iAO 94. '1'56 8,.232 73.0)6 )&9.651 

. a 550v lill.M5 95,031 Itt.4tH 74.524 )'50.21,) 

< 
5600 1".891 95.299 @l .12'5 1!'1.0D 350.115 
5700 1 4 .8"'6 95.563 61.966 1r,50l 351.336 

l!- ~ijOO 1".901 95.822 1'1'.202 18.992 3'51.896 
5900 \4.901 96,077 .iJ2.43'5 eO,4t;3 352.4S(o, 

!" 6000 1 ~. 912 "'6.)21 "2.665 031.974 H).OLI 

Z 
!l' Dec. 31, 1910 

~ 

-0 

~ 

(N
2

0+ ) 

OGr LocK. 

121.4Q8 .. 23S.f)il4 

321.'515 2310,224 
322.3151 116,1111 
J2l.l1J I II .ZJ2 

)23.128 117.918 
12C .236 .. 101.231 
324,655 0 88.697 
324,99:? 0 1B,919 
325.23('i 71.085 

325.454 64,662 
)2S.591 59.298 
325.613 0 5A.1St 
.H!5.705 50.8415 
325.690 A7 ."S3 

325.(131 ..... 19 
)25.~l2 41.b'50 
)25.394 0 :W"S08 
325.?2? 0 J7.409 
325.0P; 35.'516 

32".1"1'4 0 33.800 
321.1.505 0 32.237 
324.20'1' 0 30.~O1 

32J.I583 0 29,494 
323.')30 0 28,28] 

323.1'54 0 21.16. 
322.1'55 0 2~.1 ?'5 
3220331 0 25.1'59 
321.6&6 24.256 
321.4;0) ?3.,1'16 

3:i'0.9)5 0 22.626 
.320.429 0 21.6lh 
319.905- 0 :1't.186 
319.36' 20.526 
,H8.I!lOt 19.907 

318.n5- 0 19.319 
311.6)2 0 1S.162 
J17.0211 - JB.23J 
316.399 0 17 .730 
315.757 0 11.252 

315.10) - 16.197 
314.&35- 0 16.362 
313. 755 0 15.947 
H).OS'/' 0 15.5'50 
312.3118 15.11'0 

311.6l0 0 14.806 
310.694 0 14.457 
310.150 14.122 
)09.JI!6 0 13.799 
J06.tq9 0 1),/190 

)07. 15 1& 0 13.192 
)07.0"5 0 12.905 
306.211) 0 1t'.e2B 
)05.427 0 12.361 
)Oll.601'1 0 12010 • 

)0).110 0 11.!!iS5 
302.9~"7 0 tI.&iS 
302.016 11.36) 
301.209 11.151 
)00.3)6 0 10.940 

DINITROGEN MONOXIDE llN!POSITIVE lON 0,120+) (IDEAL GAS) 

Point Group ta:v 

5298.15 = 55.81S ! 0.01 gibbs/m.ol 

Electronic levels and Quantum Weigh'ts 
1 

State ~ ~ 

x
2
n3 / 2 

132.4 

A2 r.+ 28..:29 

Gf'W ~ I.IIJ.Ol22 

tlHfO = 317.79 :t 0.15 kcal/l'lIOl 

M!fi9S.15 He.69:t 0.15 kcal/raol 

Vibrational Frequencies and Degeneracies 

Bond Distance: N-N" L 155 A 

Bond An~le: N-N-O = 180· 

-1 
~ 

1736.6 (1) 

~61.2 (2) 

1126.1.j (1) 

N-O 1.185 A 

Rotational Constant: Bp:: 0.41159 cm- 1 

He.!!t of FOX"IM.tion 

" =- 1 

N2D + 

The ionization potentia.l of 104000 cm- l 
(29/.35 l<e41) has been obtained by Tanaka et 41. (.!) from a Rydberg series 

'terminating on X
2

11 312 • Other Rydberg aeries terlll.inating on X2 1l
1/2 

and A 2 Z+ were also obtained and eonfirll!. the a.dopted 

value. This value in conjunction with the heat of formation of N20(g) (,t) was used to calcu14te the adopted heat of 
formation. 

Heat capac), ty and En't:roPIl 

The electronic, vibratiOI'l4l and rota.tional constants are those reported by Herzberg (1) from the work of CallolRon 

and Creutz.berg: (~). 

References 
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2. JANAF Thermochemical Tables. N
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Az i de (N
3

) 

GFW - 42.0201 

~---gibbs/IDOI----

T, "K 

o 
)00 
200 
298 

300 
.00 
500 

.,)0 
700 
BOO 
900 

1000 

1100 
1200 
1300 
1400 
l!ioOO 

!bOO 
1700 
tl:lOO 
1900 
;?OOO 

2100 
2200, 
2300 
2liOQ 
251,)0 

2600 
2700 
2800 
2900 
3000 

3100 
)200 
3]00 
3400 
3'500 

)000 
)700 
lll'.'JO 
)900 
4000 

4100 
11200 
4)00 
41100 
4'500 

4600 
4700 
4/;SOO 
4'olO{l 
'5uOO 

')100 
520{l 
5l0G 
,,)40{l 

5~00 

'5cOO 
570il 
5800 
51100 
6000 

CpO 

.oov 
I.SIt-
0.595 
y. 71l~ 

)0.761 
Iv.bS\) 
1l.lI)) 

ll.{}4r 
1.!.54(.1 
1 i::. 91 ~ 
L;.246 
U.496 

I.J.697 
U.Si'll' 
1.1.994 
1<1.105 
1'1.197 

1 ... 275 
1"1.341 
i/o!. ~q1 
1<1.4116 
14.48t! 

1"'.5211 
l<i.556 
ilo,sa" 
1 11 ,60\1 
1'1.632 

i".c~1 
14.669 
l~. 61:15 
1 Q.69~ 
l/i.1t2 

llO.7?1I 
11O.7]5 
1",.7t1S 
t~ ,1'S4 
1 .. ,762 

14,77u 
1'0,711 
\lO,1l'\l 
1".7811 
101. 79~ 

II1.aOo 
1ll,e05 
ill,tQu 
1 ... 8111 
l(l.81tl 

11I.8?2 
111.820 
111.630 
14,63J 
\".&36 

I.".!:!AU 
Pi.I:IA3 
14.840 
\1O.f'>l'9 
lli.tlS€, 

I." .g'5~ 
l11.fI"itl 
lli.e61 
14.8t13 
14 .e6~ 

S" 

.000 
44.96. 
50.445 
'540100 

54.160 
S1.099 
59.~66 

61.1.06 
63.602 
65.30) 
66.845 
66.254 

69,550 
70,749 
1'1.66.1i1 
70;,906 
l' 3.8HZ 

11.1.601 
7'5.668 
16.469 
77 .269 
78.011 

78.719 
79.3-9; 
fIO,Oill] 
80.664 
tll.261 

81.&3b 
82.369 
52,92] 
53.lIlt! 
83.937 

IU.419 
8e,eST 
a~.341 
85,78\ 
66.2'09 

60.625 
87.029 
IH.C.'2' 
87,806 
8Sol 82 

88.'546 
88.90fl 
89.2'503 
89,59) 
89,926 

90.252 
90.571 
90,88) 
910169 
91.1188 

91.762 
92.070 
92.353 
q2 .&3~ 
9:(.90) 

93.171 
93.43ti 
9).69 2 
93.946 
94.1 9 6 

-(G"-w ... )rr HO-W .. 

INF"fNlh .. 2.45-0 
61.958 1.699 
!/1I.956 .902 
511.100 .000 

54.t 00 .018 
'SA.4950 1.0tl2 
5,),266 2.1 09 

5 .... 161 l.32:4 
51,096 II .'5054 
sa,olt! 5.828 
'5e.91''' 7.138 
59.71Y 8.476 

or.6tH 
6j .40~ 
62.167 
~2.e97 
6).597 

64,269 16.351 
611 ,Q14 t8.282 
6~.5JS 19.119 
66.132 21.161 
6",708 n.cOl 

6T .263 24. 0 56 
f.1.1'99 ';iI~.S12 
6A.J17 26. 9 69 
6f1..81'i 23.429 
69,305 29.691 

e9.77fJ 31 .)~~ 
1Q,233 ]2.621 
70.616 ]4. 2~9 
11.106 JS,158 
11.!'!2T 37.229 

71.935 36.701 7". Jl] .0.174 
72.720 41.646 
13,1)96 43.ill 
7 ~. 460 lI4.59B 

1J.8U· 116.075 
74.177 47.552 
h."j21 A<; ,Ole 
71.1,857 50.509 
7"01 ~5 5\.988 

75.507 53.468 
7~,e21 54.948 
760130 56.429 
71".0)2 57.910 
7t>.1'2t1 59.392 

n.olt~ 60,1'174 
n.30] 62.356 
77.58.) 63.8,39 
1'7.,sSt! 65.322 
'7 6 ~ 127 66.A06 

1f1.)92 66.290 
76.652 69.774 
TfI.90t! 11 .2'j./J 
19- .\60 12.H.::, 
19.407 74.228 

79.651 75.713 
19,690 7T 0199 
~o .126 16.685 
l'O.3'!1d 60.171 
80.S67 81.6~7 

Dec . .n. 1970 

keal/mol 
aiif' aGI" 

99.65!:! 99.6'58 
99.369 100.'598 
99.122 101.9)1 
99.000 103.340 

98.999 103.366 
98.977 10/1 .828 
99.029 106.2&6 

9'11.1 ")b lO1.11.~ 

99.2'1'5 109.t49 
99.43'1 110.550 
99.606 111.929 
99.762 11l.2"e 

99.960 tl4.6)0 
100.137 11 '5.956 
100.313 117.267 
100.467 118 eS611 
100.6~1:I 119.1:150 

100.&2t1 t 21 .l:?'5 
100.995 122.388 
\0 t ~ \ sa lll.us. 
10 1.321 124.68f1 
101. 111 60 126.12.11 

101.636 12'.350 
tOt .19! \2eeS72 
101. 9 1.17 129.784 
102.100 130.99) 
102.250 132.193 

I02.39ti t33.386 
t02.'54t1 134.578 
102.692 135.760 
102,838 136.940 
102,Ult 138.114 

103.124 1J9.280 
Ill3.26:' 140.44'5 
10l,&01l lill.605 
101.541$ l/l4!.fEo .. 
103.662 11113.?10 

103.817 145.059 
\03,954 11.16.20) 
104.0&6 lA1.:H3 
104.222 lU.481 
Iv4.355 149.612 

104.4,56 150. 74~ 
1 0011. 61t~ 151.810 
t04.747 152.995 
IOo\.,!l75 1~4.113 
105.002 155.2Jl 

105.130 1~6.)49 

105.256 157.115e 
10'5.380 155.510 
105.5011 159.6rO 
to'5,62 7 !,.60 ~ 780 

105.74\1 ~ 61 , d 16 
luS.ar I to2.9A! 
IOS,991 1611.075 
10<'>.\10 1i)~.169 

1 ~6. ?21 166.267 

10~ .345 1670355 
106,46 t 168.447 
106.'!ire 169.53a 
t06.689 170.61a 
106 • .s 0 2 171.697 

.... Kp 

lNnljlf( 
- 219.tl57 
.. 111.385 

7'!i.750 

- 75.302 
57.275 
/16.457 

- 19.2.0 
34.078 
Jo.20] - 27.160 
24.'59 

22.175 
21.119 
19.71" 
18.S09 
17 .lI62 

16.545 
15.'34 
\5.012 
111.36'; 
13. 782 

13.254 - "12.112 
12.332 
11,929 
II. ~S6 

It. 212 
10.89) 
10.~91 
10. )20 
10. U67. 

9.819 
\1.592 - 9.378 
iii .177 
6.'166 

8.806 
8.636 - 6. 11 14 - 6.J21 
a.li''' 

- a.O]5 - 7. 9 03 
1.776 - 7 .65~ - 7.';]9 

7.oll!; - 7.3?2 - 7 ~ 220 
1.12'-' 
,/,.OZt! 

- 6.9)7 - ~. d50 
6.'66 - 6.bB5 - 6.607 

- 6.531 - 6.459 - 6. )68 
11.320 - 6.254 

AZIDE (N
3

) (IDEAL GAS) GFW '" 202.0201 

Poin t Group Door, llHfO " 99.1 5 kcal/mol 

S299.15 '" tS4.1 C.S} gibbs/mol .1.Hfi98.15" 99 5 kcal/lool 

Electronic Levels 41Id Quantum W~ights 
-1 

~ ~ !i 
x

2
ng 3/'l 

x
2
ng 1/2 71.3 

A22:~ 36811 

VibratiQpal Fl"'eq~~~9j._~~ __ ~sI __ ~gencracie5 
-1 

Bond Distance: N-N;: 1.1815 A 

Bond Angle: N-N-N '" 180· 

~_L~CI __ 

[1800J (1) 

(500J (2) 

[1200J (l) 

Rot4tional Constant: BO '" 0.43117 c:m- 1 

Heat of fot"mati.on 

(1:: 2 

Okabe and Hele C;) have measured the photodissociation onset of the process 

CN'N
3

{g) ... CN{g) ... N
3
(g) .lHO :: S6 ":: 1.5. kcal/mcl 

N 
3 

Using a value of oHfi9S(CNoN3' g) ;; 107 t 3 kca.l/mol and flHfi99(CN, g) :: 104 !': 2.5 kcallmol <.V, we derive ~Hf;98(N31 g} 

99 1: $ kcal/mol. The heat: of formation of Cl\'N3 is obtained from 6Hf 29S (CN-N:p c) :: 92.6 t 3 kc.!l/mol (~.> and an 

estill:l!.tcd I.lHs 299 :: 14.4 t 3 kcallmol. The heat of sublimation is similar to that for ICN(c) (1). A rough confirI:l.atior. 

of i.\Hs can be made by assuming a boiling point of 227"'C (SOO·K) I from the facts tha.t CN'N) sublimes in vacuo .'It 40·e and 

can be hea.ted as a liquid to 170"C. Thus, using the Tl'outon rule, toM\,' = 11 kca1. in addition the heat of melting would 

be expect:ed to be about: 3.6 kcal for this 5 atom molec.ulc, thus 6Hs ;; 14. fj kcal. 

Heat Capacity and En trapy 

The electronic levels and rotational consta.":ts have been reported by Douglas and Jones (~) and Thrush (§). The 

vibrational ft'equencies were estimated from the isoelectronic species NCO J NNO", and the related molecules NeN' and 

NNO (£). 

~ 
1. H. Okabe and A. Hele, J. Chem. Phys. _~, 2100 (l969). 

2. JANA.F Thermochemical Table:!.. ClHg) S-30~69j leN(g) 6-30~'O9; NCO{g) l2-31-7D; l'mO"'{g) 12-31-70; NCN{g) 12-31-70; 

N
2
0(g) 12-31-64. 

J. U. S, N4tl. Bur. Std. Tech. Note 270-3. 1968. 

4. A. E. Douglas and W, J. ,Jones, can. J. Phys.. ~, 22lS (l9i55}. 

5. B. A. Thrush, Proc. Roy. Soc. (Lo:ldon) 235A, 143 (1956). 
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Phosphorus Monoxide (PO) 

(I dea I Gas) GFW - 46.9732 

---~gibhsllDOl---_ -kcaJJDtpJ----__ 
T. "K CpO S" -(Go-no ... ){f Ir-K'_ ~Hf' ~Gr 

0 *000 .000 I""INIT£ . 2.245 3,246 3.246 ,0. 1.111 44.773 60*038 . , ,526 2.965 5.223 
'0. 1.697 'So. 1'1'4 53.913 .746 2.l'!I52 7.'5042 ... 1.391 !3~2te '51.21& .000 2,900 9.831 

'00 r ,592 53.265 5l.218 .014 2.901' 9.679 .0. 1.T21 5'5*464 'H.517 .779 3,025 12.U8 
'0. 1.933 !H.:UO 54.086 1.562 3.t19 14.462 

••• e ~ 1'21 5&.614 51.732 2.365 ).]'54 16.10] 
7 •• B.ue 59.919 5'5.3&& l.U6 1.5S5 · 18.912 
8 •• 6.416 61*055 56.021 •• c:u · 2&.202 26.602 
•• 0 e.'511 U.05l 56.64) 4.66& · 24.196 · 26.676 

1000 8.598 62.954 57.229 5.12. · 24.19. U •. 9S" 

1100 e.662 63.116 'H.'16e 6.587 · 2".192 21.228 
1200 tI.l'1S 64.'532 58.319 7.a56 · 24.190 · 27.505 
1300 8.159 6'5.2)2 5&~&2' 8.330 · 24.108 · 2J' .780 
1400 6.'96 6S.!I1J2 59.l0," 9.208 · 2011.116 26.0!7 
1500 8.821 66.190 5'.1611 10.0189 · 2 •• ue 215.332 

1600 0.65' 61.061 60,202 10.913 · 24,U9 · 28.609 
trOO 8.678 61i59~ 60.022 11.860 · 2".ifil · n.1Se5 
1800 &.899 6&.106 61 ~O2' 12.749 · 2"d9S 29.161 
1900 8.91 , 6&.588 61.409 13f~H9 · 24.201 · 29.436 
2000 tI.93' 69.046 u.rao 14,!H2 · N,20a · 29.711 

2100 &.9U 69.462 62.t36 1 ~S.426 · 2",217 · 29,9er 
2200 6.96li u.ln n,4'1'9 16.322 · 24.228 · 30.262 
2300 0.916 70.297 62,1811 17.219 · 24.UO · 30.537 
2.1100 0.988 70.6$0 63.111 18.117 · 24.2'S5 · 10.811 
2500 9,000 11.047 61.UO 19.011 · 24.210 · 31.082 

2600 9.010 1'.400 63.7)9 19.911 · 24.289 · 31.3'S5 
2100 9.020 71.740 6".010 20.819 · 21,109 · 31.627 
2800 9.030 72.068 64.311. 21.1'21 · 24 ,Hl · H.G97 
2900 9.039 1'2.3&5- '''.'&'' 22.62!i - 24 t l55 · 12.166 
]000 9.0"8 72.,92 ••• U9 2].'!i29 · 24,381 - )2.435 

]200 9.056 n~989 U f i07 24.4li · 24.40e · 32.702 
3200 9.0U 73.276 es.l50 25.3"0 · 24,4)8 )2.971 
1300 9.012 1!.~56 65.602 26.247 · 24.469 33.237 
)800 9.0GO 73,826 6'5.840 2701'55 · 24.502 · 33.502 
3500 9.088 74.090 66.072 2e.063 · 24_'536 · 330 766 

]600 9.096 74. l46 66.29. 28.972 · 21,'512 · 31.030 
)700 9,10) 71!..'59~ 66.519 29.8&2 · 2111.609 · 34.29] 
]600 9.111 ,/,A,ue 66.1)5 ]0.1'9) · 21i11.U7 · 34.5'52 
]900 9.119 n.Oi'~ 66.940 31.704 · 24.686 · !a.$12 
4000 9.126 75.306 67.t'52 32.617 24,727 · 35.074 

~ 4100 9 ~ t l" 15.5]1 67'.353 ll~'jJO · 24.168 · 35.33t 
1200 9.1"2 15,7'2 67.5~51 ]4."" 24.811 · 35.586 ... 4]00 9,151 15.967 6T .r •• 3,.358 211,85" · 3~.811l4 

:r ""'00 9.1'59 76 01 l"7 67.933 36.274 · 2".898 · 36.097 -;; 4500 9.166 16.353 68.119 37'.190 · 24.9111 · 36.35t 

n 8600 9.1n 16.58S 68.301. 38.t07 · 24.9611 - 36.606 
:r 4100 9.U6 16.1"82 68.479 39.02!!o · 25,O;t4 - 36.851 
CD UOO 9.196 76.9/"6 68.654 :)9.94. 2'5.060 · 31,101 

" ""00 9.206 77.165 68,826 40.365 · 25.125 · 31.35& 
5000 9.:Ul" 7J'.3S2 68,994 U.766 · 2'5.172 · 3'1' .60'/" 

'" 5100 9.22& 17.534 69.160 42,708 · 25.219 · 37 .855 CD 
:" 5200 9.239 11.713 69.323 43.631 25,265 · 38.106 

5)00 9.252 17,890 69 •• '3 44,556 2'tHl · 38.349 
C 5.00 9.26' 11!!!.OU 69.640 45.482 25.356 · 38.591 a 5500 9.216 TG.233 69.795 U f ·09 - 25.1101 · 38.838 
if - 5600 9.292 ?a."00 ,9.917 47.331 25.446 · 39.0e5 

< 5700 9. JOT 1&.565 TO.097 43,261 25,490 · 39.l:Z7 

~ 5800 'iiI~ 322 18.721 10~2u 49$199 - 25.5Jl · 39.570 
5900 9.339 7$.8156 10,369 50,t),2 · 25.575 - 39.812 

,!o> 
6000 9~l5e n~.043 10.'32 !'!It.066 - 2'.617 - 4O.0S1 

Z Dec. 31, 1960; June 30, 1971 
~ 

.!'" 
,g 
"I 
.I> 

LogKp 

UH'!NIT( 
11.415 
8.24' 
1.210 

7.,,91 
6.659 
6.321 

6.08 • 
5.905 
1.20 
6.&18 
5.890 

5.410 
5.009 
'.670 
41.380 
1I.12a 

!,'liloa 
!.1tl 
3.'S'1 
3.366 
).2'" 
1.121 
3.006 
2.902 
2.1506 
2.717 

2.6)6 
2.S60 
2.490 
2,42" 
2,363 

2.30S 
2.252 
2.201 
2.15] 
2.108 

2.066 
2.026 
1.981 
1.951 
1.916 

1.883 
1.85(: 
t.822 
1,793 
1.765 

1~7U 
1.71.11 
1.690 
1.666 
1.644 

1.622 
1.602 
1.581 
1.562 
1.543 

1.525 
1.508 
1.491 
1.U5 
1.'St 

PHOSPHORUS MONOXIDI: (PO) (IDEAL GAS} GN 0 '6.97" OP 

Ground Sta"tc Con figuration 2 Ilr 

S;98.15 53.218 j: 0.005 gibbs/mol 

" . :: 1233.3 cm -1 

B e 
::: 0,7337 Cln- l 

He4t of ro:rmation 

Electronic L&vels and Quantum Wei&!:!.!.§. 
-1 

State ~~ ~ 

x
1
rrl/2 

X
2

U3!2 ''" a2 l:. 30696 

B,2n
i 3:(884 

D,2 n" 38055 

A 2 l:+ 40485 

C' 2 r- 43529 

C2 Z- l,i72Sl 

n
2

rIr- 1..18580 

~exe :: 6.56 CIl". 
-1 

(Ie :: 0.00$0 em -1 

tiHfO::: -3.2 !: 3.5 kca.l/mo1 

.iHf298.15 = -2.9 !: 1 kcal/mol 

cr:: 1 

l'e :: 1. 4757 

The dissociation energy of PO has been reported by v4rious investigators to be from 5.15 eV to 7.4 eV. All of these values 

have been based on the spectroscopic properties of PD. Recen'tly Drowdr!" E!t" <11. (:1,) have measured 'the dissocia.tion energy by a 

complex series of exchange reactions in a mass-spectroaeter from which they calculate a dissociation energy of 142.2 .!: 2.5 kcal 

(6.17 ev). Prow-art: at: al. <.~) also point out the agreement with the obscI'ved predissociation in the D' statc. Couet et al. (~) 
and Vcrm.d. and Dixit (1) have observed this predissaciation. It: Wd6 thougl',t 'to occur between the 0 and 1 levels but recently 

Verm.4 (Ii) ha.s shown that the vibrational numbering is in err'Or. This doea not a.ffect the pre-dissociation, ho .... ever, which we take 

dB 1I921; 1: 350 em-I. If this is to ground s"tate products 'the dissociation ener-gy is 11<0.7 :t 1.0 kcal. The lineal" Birge-Sponel" 

enr4po14tion (l..BX) of the groO{ld s"tate vibrational energy levels yields 164 kedl, when corNl:cted by the method of Hildenbrand 
(~) DO:: 138.1 keal, in u:ceEent: agreement with the predissociation 

The much shorter- extrapola'tion of the 5
2

}:+ levels yields DO::: 157.5 (1), 155.0 <.§) and 152.7 (Z) kcal using the LBX method, a 

non-linear ext:rapolation (.§) yields 151. 0 kcal. All these values assume ground state atoms as the products, which must be the 

since <1 21,;"" st:ate exis'ts which correlates with those products and 'the a 2
[:+ state must be this stdte or be formed by an avoided 

crossing. It is possible then thAt these values are high due to a potential maximum in the B2 2:" state. 

The adopted value is DO::' 140.7 '!: 1 kca1/mol and this yields t.Hf
29S

(PO, g) ;; -2.9 .t 1 kcal/mol. 

Hea"t capacity and Entropy 

The gt'ou."ld-sta:te constants are from Verma (.2} a.nd Verma. and Dixit <2). The ground-state sp1{tting is from Rao (lQ) Yho also 

:reported the e)(citation energy of the A state. The ene.rgy of the II sta"te is due to Singh (ll>, while that of the B' state is from 

V"n"ma (]). The C St:atel::lnergy is du.e t.o Dressler (.§.) while Narisim.h4.lll (!"V reported the C' sta.te energy. Verl:l.i1 and Dixit <.~) 

reported the D state energy and Verma (.=!.) the D' state energy, which is considerably different frOm earlier Nports. The E' 

st<il'te .:r-eported by Santal'am and Rao (11) has been shown 'to coincide wirh the D' state by Verma and vi,,).'t (~). States above 

50000 cm-
1 

were not included. Other sttl.tes in the 40,000 em-I region haVe! been proposed (1::.) from perturbatiol". lLl1B.lyses. 
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Lead Monoxide. Red (PbO) 

ta I ) GFW - 223. 1894 

-----glbbol_---_ kaVmol 
T,"K CpO S" -(G"-II"_J(f w-w .. MIl" aGr" LoeKp 

, .000 .000 INrlJflT£ 2t171 · 51,936 51.936 1"r!NITE , .. 6.1l22 5.91' U.21'9 1.8316 · 52,]65 . 50,006 109.215' 200 9.61'. t 1.479 16.5'5& i.OU 52."" . 41'.5" !U.9U 
2" 10.940 15.850 15.850 .000 · 52.440 4'.U4 l).16S 

100 10.962 n,'S! 15.850 .020 52.U8 .. U.a99 32.928 
400 12.040 19.224 U.2~. 1.172 52.294 • .-z,806 n.ne 
~\)O U.Tn 22.004 \.1'.H,6 2.&19 .. ~2.08' • 40,4511 11.684 

600 13.240 :!4.J76 11.17. !.f,lS'" 51.851 .. 13.1'3 u.e" 
.~-~-~---. H:~: ~ ----.=~-:-}~~ ----j ~!~u-------i~:~~---; --;~~;{{-. --::--}}~~H-----J{-;}~i 
900 !Ideo 29.'1& :U.U1 ToUI .. 52.2141 .. lO,IU 1.501 

1000 14,440 :U,."20 22.1631 ,.U7 .. 51.9)5 ... 28.!UO 6.US 

1100 
1200 
1300 
1800 

14,740 
15,040 
15.140 
15.640 

32.8iO 
,!III. lOIS 
35.321 
lehu, 

23.068 
23.935 
24.764 
25.560 

10.1'1& 
12.205 
13.1'2" 
15.2731 

.. 51.59" 

.. 5h220 
'0.816 

.. 50,31" 

Har. 31, 1962; Dec. 31, 1971 

.. 26.207 

.. U.II1" 

.. 21.655 

.. 1'.12' 

5.207 
".31!!i5 '.64. 
SIGH 

OPb 

LEAD MONOX!m:., RED (FbO} (CR'{S'!AL) GFW " 223.189'01 

6HfO :: -52.0 = 0.2 kcal/mol 

5;98.15 15.85 =: 0.2 gibbs/mOL .n.Hf298.15 -52.4Ij:l; 0.2 ked/mol 

Tt 762 1 K dHt" O.Oij:t 0.07 kC41/mol 

Heat of formation 

The difference iII the heAts of formation of red 4nd yellow PbD has been ·d.ete.rmined direc"tly, using a solution 

calo:t'ime"ter, by Knacke dIld Prescher (~.> as 394 :!: 70 c411nml by dissolving both forms in nitric acid. This difference 

and llHfi9S(PbO, yellow) :: -52.12 t 0,15 kcd/mol yields lI.Hf 29S (PbO, red) :: -52,51 :t 0,2 KC41/lI'I.ol. Smith and Woods (1) 
have meaS":t'ed the em.! of T'eversiole cells to obtain 'the fT'ee energy of the rea.ction PbO{l"e-1, c) + H

2
(g) .... Pb(c) -+ H2D(f,) 

at two temperatures. from a second law .analysis of this data 1.le obtain dHr~ " -1S. 91 kC41/mol which yields 

lI.Hf 29S (PbO, red) ::; -52.41 .!: 0.2 kCdl/mol. 

If we. assume the entropy to be Accur .... tely known "then the heat of formation can be ca.lcul .. :ted dir<actly from the free 

energies of re.act:ion. Sm.it:h a.nd Woods <.~) for the reaction liven above found 6Gr298 '" -11.513 kCAl/mol, in combination 

with Mf 29S CH
2
0, 0 " -55.587 kcal/rno1 (;!) yields 6.Gf 29S (PbO, red) " -45.182 kcallmol. This free energy with JAJlAF 

entropies (~) is equivalent t:o 6Hf 29S (PbO I red) :: -52,145 kca.l/llOl. S?encer and Ho"te (~) measured the free eneq~y of the 

reaction Pb(c) -+ HgO(c) -to PbO(red, c) + Hi(O by mea.os of a reversible cell and obtained 6Gr299 ::; -31.265 kcalhnol. Thili 

value combined wi"th JJGfi9S(Ha:O, c) " -13.983 kcal/l'OOl (~.> yields lIGfi9S(PbO, r~d) :: ~1i5.2I4a kca1/mol, which with JARAf 

entl'Opies (!!) is equivalent to t.Hf298.1S(PbO, red) "" -52.52 ked/mal. 

Ir i!:l 4pp.s.l'ent "tMt the de.!a for heAt, free energy and entropy are all in excellent .agreem.ent, "thUS, we adopt 

OHf 29S (PbO, red) ; -52.1.!14 .t 0.2 kC/l1/~ol. The adopted .... 4lue was selected within all the uncertainties to asaut'i! the 

correct croSSOVEr of the red and yellow fol"'ms at 762 K. 

He..at Capacity and Entropy 

The heat capacity has been reported by King (§) from 53 to 296 K and the entropy wa,s obtained by integration of 1!his 

data based on S51 :: 2.73 ,ibbs/mol. This extrapolated portion wa.s obtained by use" of a Debye-Einstein fit of the 

measured data. The valUe was then cororected by analogy with the 0.25 eu difference between the extrapol.ltion for 

PbO(c, yellow) by Kina: (§.) and the measured amount. The justification for this procedure is the similarity of the two 

curves at 411 other temperatures. The high temperature heat capacities were obt::ained by fitting an or"thogonal pOlynomia.l 

'through the low temperature dat<'!. of King (~) and the enthalpies of Spencer and Spicer (1.>. 

Tr4nsition Data 

The temperature of tr4nsition ha.s been reported by Cohen a.nd Addink <.~) and Petersen (~), The enthAlpy of "tra.na.ition 

is c41cu1ated from the adopred enthalpy at 299 K and the enthalpy difference H762 - H298 between PhO yellow and red. 

V4poI'izonion Data 

The vapor species over PbO{c. t) consis'ts of (PbO)x where it :: 1-6 (!.Q>. !..h)~ thu.s~ 8. va.lue for the heat of 5ubliJnation 

is not: sinm. 
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Lead Monoxide, Yellow (PbO) 

(Crystal) GFW • 223. 1894 

----_""'"---~ ~ 
T, "K Cp' S' -(G'-w ... )rr if'-lr .. 6111' OGF Leo Kp 

• .000 .000 u .. rU"Ift: 2.208 · 51.647 51.6.1 INfIttlfE 
,00 6.620 6.760 25.160 , ,$40 · 52.049 49.714 loe,782 z.· Y,S70 1;Z.]20 17.411'5 1.025 · 52.185 417,4]2 5:1 ,632 ... 10.940 16.420 10.420 .000 · 52.120 · 4~.O9. n.OS5 

30' ILl.955 16,4IIHI 16.420 ,020 '52. t lB- · 45.050 32.819 ... 11.596 19.7311 16.656 I.ISO · 'H.996 42.112 23.331 
50' U.061 22.373 17.705 :?']H Sl.851 · aO.40o!! 17.662 

600 12,.53 2.,608 16.674 ].560" '51.692 ... 380131 13.890 
-'-0_0 _____ 1 ~ J.!H g _____ zJ!'_')_ "!. ~ _ ~ __ ! ~ A ~.§~ _______ "'-·_I!.?L __ : __ .51JA"_8 ____ ~ __ ~~!~?~ ______ '-t ... ~ '!.~ 
800 13.152 28.2M 20.635 1\0122 OD '52.509 ... 33.261 9,092 
900 13.482 29,&0;6 2t.57. 7,45]'" ";)2.299 ... ]0.869 7,'501 

1000 13.606 31.29) 22.«75 ';,818 OD 52~OS. ... 28.'5,21 6.2311 

u:}g-~----}~:H~-----i-~-:·:·!-i----H!n~-----+~-:-~H---;--;~~{{-i----~--n;u~--·----:-:-}~~ 
ilOO 1".756 JS.Oj'j 24.956 1]0I0J" 51.117 OD 21.~84 3.629 
1/i00 1~.069 36.140 2S.710 14.594" ,!>O.143 .. 19.321 3,011 
1500 1~.3eo 37.190 26.446 11"10116 ~O~340 17.095 2.1191 

Mar. 31, 1962; Dec. 31, 1971 

LEAD MONOXIDE. YELLOW (PoD) (CRYSTAL) GF" ~ 223.189" OPb 

AH!; -51.65 1: 0.15 kcallmol 

329S.15 :: 16.1<2 1: 0.05 &ibbs/mol nHfi98.l5 -S2.12 0.15 xcal/mol 

Tm 11S9 5 K uHll!. ~ 6.1 to, 1 kca.l/mol 

~ot'!:Iation 

Espadll, Pilcher' and Skinner (.!) hAve me4sured calorimetrically 'the heat of the, reaction PbO(yellow, c} ... 

H
2

(g) .... Pb{c) ... H
2
0U} <5.8 4P.t'298 :: -16.20 1: 0,01 kCdl/mol which yields the adopted heAt of forll'l4tion. 

Spencer and. Mote (g) ha. ... e measured the free eneriY of the: cell reactiOn Pb(c) + HgO(c) .... PbO(yellow, c) oJ- Hg(t) 

as -31.120 kC41/mol. With. JANAF auxiliAt"y data. (~) we o"btain ~Gf298.15(PbO, yellow) '" -1l.5.103 x;c41!ll'Iol which 

corresponds to 6Hf298.1S'PhO. yellow) '" -S2.13 kcalfmol in excellent agreement with the adopted ... alue. 

Chare'tte 4nd Flenga-a (],1) measured the free eneriY of formation directly in a high te.mper4ture electrolytic cell. 

Alcock: and Belford (~) mea.aured the free energy of the reac'tions (4) PbO(c) .;. Ni{c) ... NiO(c) oj. Pb(t) and 

(b) Cu
2
0(c) '" Pb( t) .... PbO(c)" 2Cu(c} in high 'temperature elect'rolytic cells. Second- and third-law analyses of 

these data are SUl!l.ttl4riz:cd below. 

Temp. Range. l'J-ir·. kcal/m01 Drift L\Hfi9S(PbO. c) 

Reference "K 2nd Law ~ eu KC4l/mol 

13 770-1150 -52.3 -52.93:1:0.26 -O.StO.2 -S2.93J:O.26 

14. 780-1070 - 3.9 :1.27t1.8 S. S.tD.:2 _51<.0 .to.7 

lOb 710-1050 -12.1 -12.61tO,25 -0.6:1:0.2 -52 .latO. 7 

Thesl! values indicate th4t the overall consis'tency between heats of forrn4tion, enthalpies. entropy and. free energies 

1s genera.lly wi thin. the experimental error. 

Heat Capacity and Entropy 

The low teJ1lperature hea.t capacity has been measured from 12.5 K to 302.7 K by Kostryukov 4nd H::!rozova (~) and 

frolr: 54.1 I( to 296.1 K by King (.§.l. The two sets of data are in reasonable agreement with differences of up to 

0.51. A line fitted through both da'ta se'ts yields an en'tropy within 'the stated uncertainty of the Russian set, 

whoae results we adopt. 

The hi&h temperature hedt capacity was derived frol:!. the enthalpy meAsUrertents of Rodigina, GolRe1'skii and 

Luginina (.§.) by curve fitting with orthogonal polyhornials. Thoe curve was constrained to join smoothly with the 

low tempera.ture heat: capacities, The ildopt~d ... alues a.re in good agreement with ent:halpies reported by Regnault (2,), 

Magnus (.§) and Kopp (~). The enthalpies reported by Spencer atld Spicer (!,Q) lie about 3\ hig.'l-ter thAn the a.dopted values 

and are admitted to be not: too accura:te. 'n:'e values reported by l(nacke and Prescher <g> lie S to e\ higher than 

the adopted values. 

Hel tins DatI! 

The melting point was selected by Schneider (U) in hie revie .... of meUl oxide melting points. The heat of melting 

was calculated from the enthalpy equations derived from the work of Rodigina et 41. (.§.) fot" crystal and liquid.. Knacke 

and Prescher (g) report a heat of melting; of 6.S7 kcal/mol from their enthalpy measurements. 
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Lead Monoxide (PbO) 

(Liquid) GFW • 223.1894 

~---.. _ ... ,---~ kcal/mol 
T,"K CpO S" -(G'-w ... )rr Jr-H"_ <lilt' e.G!" lAcK. 

° ,00 
'00 ,.. 1~.·H5 17.5]1 17. S.H .000 - 48.335 - 41.642 ]0.52" 

'.0 1 ~ .535 17,('33 11.5]7 .029 - 4ft.l2S - 41.600 30.306 
'.0 15.535 22.102 18, tar t .",;82 - 47.779 ]9'.442 21.50'50 
500 1 ~ .535- 2'5.569 19,297 ).1 )6 - 41.264 J7 .419 16.JS6 

'00 I ~ .53::' 28.140l 20 .• '586 (1.669 - 46.718 - )5.495 12.929 
70. t 5.S.:J5 10.791'> 21.!'I71j ".24] - 4'.811] - ]3.460 10,11147 
'.0 l::'.'j)S 32.611 23. 12~ r.796 - A7.050 3t .li67 e.602 
'.0 j ",53'5> 34.701 2'1,312 <1,350 - .6.617 29.'56" 7.1ao 

JOOO 15.53~ 16.1)T 25,4)4 to.904 1.16,1t'3 27.696 6.053 

-B-~~ ----a! ~~~ -----i{-:-~-}5 ----~, :!~~----- -~}; 6H----: --!~~~ ~-;----~ --~~: ~:~ -------~~}~ ~ 
1300 1:',')35 110,1'1) 2B,I1I41 1<;.564 4",870 22.]29 3. 754 
1400 15,515 1i1.565 29,338 17'0118 4 ~ ,A 311 20.611 3.218 
1500 1~."3,) 42.&36 30.169 t A. 6T! - 414.000 - 11'1.925 2.7.,7 

! 600 t'j.':i3~ 43.6)9 30,999 2(l.225 - 4),'512 17.266 2.359 
1700 1':1.53') 44.561 31.71"0 21.776 - 43.148 15.636 2.010 
1800 15.53') 45.&69 32.51)7 230332 - 42.733 - 14.031 1.704 
1 ',HlO t~. 535 UJ.30\1 33.21 t 24.885 - 42.325 12,446 1."32 
2000 15.53~ li1ol0" 33,866 :?6.4)9 - 41.92'!! 10.836 1.190 

2100 I ~. 53';) 47 • .f:I6A )4.'534 2' .992 - ID.9t'12 7,791 • elt 
2200 t~. 535 .. a.5R" H.ISt! 2 9 .5116 - 153.504 4.175 ~ II 15 
'lOO 15.5J~ .9.277 35,755 l1.100 - 63.049 .579 ,O'5S 
,GOO 1"'.~1':J 49.9)1'1 36.J13 J?6~) - 62.619 2.999 . .273 
'501) t~. 535 50. ~7:? 36.890 34.20'1' 1\:;t.~14 6.555 - .57] 

Mar. 31, 1962; Dec. 31, 1971 

LEAD MONOXIDE (PbO) ( LIQUID) Grw ~ 22'.189" OPb 

Si9fLlS :: 17.537 !: 0.2 gibbs/mol ~Hf298.1S -48.335.!: 0,3 kClll/mol 

Tm :: 1159 :t 5 )( lIHm G 6.1:!: 0.1 kcal/mol 

Heat of Formation 

The heat of formation was obtained from that of Pb0 (yellow, c) by adding OHm- dnd the difference between 

Hl159 - H29S for (yellow, c) and (t). Direct measurements of the free eneritY change in the reactiun 

PbO{ t) + C( c) .... Pb( t) + CO( g) ·have been reported by Kvya tkovskii. £sin and Abdeev (~). Cha.ret'te and Flenias (.V 
and Delimarskii And Andreev4 (1) have also determined the free energy of [oI'1Mtion of the liquid directly in A 

high temperature cell. Second- and third-law analysis of these data are summarized below. 

Temp, Range tJ{r'", kcal/mol 
Drift 

1I1if 29a CPbO,t) 

Reference __ K __ 2nd 141.1 3rd 141.1 eu keal/mol 

1173 _ 1423 34.5 t 6.5 22,81 t 2,49 -8.S t I .. 9 -48.20 :!: 2.5 

1160 - 1371 -149.9 :t 0.2 -49.2'+ t 0.13 0.5 !: 0.1 _49.24 t 0.13 

1173 _ 1253 -!.i6,9 .!: 5.6 -1.18. 51 ~ 0.39 -1. 5 !: 1.1.6 -1.f8.51 ± 0.39 

Heat capacity and Entropy 

The heat c4p.acity was obtained from the enthalpy determinations of Rodigine. et a1. (!!) dnd Knacke and 

Prescher (.§:>. The absolute ent:halpy values differ by 2-3\ but the cons'tdnt heat capacities derived from each 

set agree very well. The entropy at 298 K is derived fr-om t:hat of the yellow cryst<ll by Adding the entropy 

of melting and difference S1159 - S298 for crystal and liquid. 

Melting Data 

See PbO(yellow, c) for details. 

Vaporization Dato.'l 

See PbO(red, c) for details. 

RlI!ferences 

1. A. N. Kllyatkovskii, O. A. Esin, and H. A. Abdeev, Russian J. Phys. Chem. (Eng!. Transl.) ~t 1162 (1960>' 

2. C. G. Charette and S. N. Flenias. J. Elactrochem Soc. ill, 798 (1968), 

3. Yu, K. Deli!M.rakii and II. N. Andreava, Russi4n J. "(norg. Chern. (Engl. Transl.) ~, 673 (1960). 

'l. E. N. Rodigina, K. Z. Gomel'sJdi and V. F, Luginina, Russian J. Phys. Chem. (Engl. Tra.n91.) li. a94 (2961). 

5. O. Knac)(e and K. E, Prescher, Erz,bergDau und Metallhut.tenwesen E, 28 (1961.1). 
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Lead Monoxide (PbO) 

( I dea I Gas) GFW • 223.1894 

----0._..." ---- k<all ... ,I----~ 
T, "K 

° 100 
200 
198 

JOO 
.00 
500 

.00 
700 
800 
'00 

1000 

1100 
1(100 
1]00 
1400 
1500 

1600 
1700 
!600 
1900 
;,JOOO 

?IOO 
noo 
2300 
2400 
'500 

?600 
-"100 
noD 
'900 
lOOO 

JI00 
~200 

HOD 
.~.oo 

)500 

HOC 
~ roo 
'BOO 
,900 
Q.ooo 

1£100 
11200 
Q.JDO 
uoo 
.:1500 

4600 
1,j700 
",800 
1;1900 
';000 

'5100 
"'Zf)!'l 
')300 
<;400 
.,500 

0;600 
'S700 
0;800 
"1900 
1;000 

CpO so -(G"-H" .. )rr W_HC
... .d.HI'" 

.000 
0,964 
, .271 
7,1 7 0 

7.776 
".1 S~ 
1:1.401 

8.562 
!:I,671 
d.rSI) 
!l.801:l 
d,I:I53 

1:I.8~9 
k.91!:l 
~. Q!; 3 
0.96=.0 
1:S.9A4 

'1,001 
9,017 
'1,031 
9.04~ 

'>1,0'51:1 

v,070 
9,0113 
(,r.Oq:s 

'i.l0e 
9.121 

9013b 
".1'>1 
"'.169 
\I.18a 
9.!:!'IO 

9.23') 
Y.164 
".296 
Y.332 
Y.314 

Y.420 
Y •• 72 
11.'.)2'11 
9.5n 
9,662 

9, 73~ 
9.81!O 
9.909 
to.OO~ 
10.107 

10.216 
to.332 
t o.453 
1 0 .~81 
1 Q. 714 

l10146 
11.296 
11.455 

11.61 S 
1\ .777 
11.942 
\£.108 
12.276 

.000 
1.19.452 
SIi.1ilS 
S1,)/;l3 

51', )q? 
59,6So;; 
61 .~.13 

63.080 
64 .40~ 
65.;:'71 
66.60S 
61. ~36 

66.381 
69,1~~ 
69,071 
70.~)4 

71.1511 

71.134 
72.2"0 
72.796 
7:;.265 
73.719 

TA.191 

75 ... 05 
1'5.n7 

71'10135 
76 ... eo 
76.1H) 
77.1)5 
77, .. 41 

77.1119 
18.011) 
78.329 
78.bOT 
78,b1f1 

790111, 
79,401 
79.&')5 
79.'10) 
tlO.I47 

8u.3f16 
BO.b?2 
80.~')4 

81.063 
I'Il.J09 

61.532 
81. 7~3 
81. 97 2 
82.159 
82."oa 

82,617 
82,1129 
8).OllO 
11).;.><].0 
!!).4S9 

8).667 
8).87a 
IHI.080 
84.285 
!'I4.490 

INfJNIH 
61. 91~ 
58,O]1S 
51,34] 

57,344 
57,65" 
5H,2S1 

56.930 
59.620 
60,,9] 
60.938 
61.'552 

62.135 
62.61Hl 
63.213 
~3. 713 
64.189 

64.642 
65.076 
65.490 
65.a8" 
60.269 

66.6.11') 
66.9B9 
61.330 
61.6511 
67,97,) 

6!:l.2fl? 
68,580 
68,8611 
69.1117 
6'01.41'1 

69,663 
69.939 
70.189 
'0.43) 
1U.67\J 

70.902 
71.126 
71.3./19 
71.S65 
71.777 

11.98$ 
7201 87 
72.H6 
12.'51H 
72.772 

72,960 
1 3.14~ 
73.326 
7 J. 505 
73.681 

73.6'54 
74.025 
740193 
74 .J~9 
14.522 

7./1,684 
74,84.1 
75.000 
75,151'. 
75,310 

7.142 
'.114'" 

.1')9 

.000 

.014 
• Ii 12 

\.641 

2.490 
3.3S2 
4.(123 
'50101 
5.9-'4 

".671 
7.762 
".65") 
9.550 

10.44A 

11.341' 
12.248 
13.150 
1 11 .05/1 
IIl.flS9 

1'5.1166 
16,713 
I l,IS82 
11'1.592 
1 9 .')01.1 

,0.417 
210331 
27.247 
'l.165 
20;.01'1') 

2'J.007 
7,;.932 
?~.8bO 

27.791 
7-'1.726 

29.666 
30.611 
31.560 
)7.')16 
) l,.79 

311, •• 9 
)5.427 
3 .... 413 
37.409 
38.41'5 

]9 • ./Ilt 
40.451'1 
llt.497 
1112.,,)49 
41.614 

,114.692 
4').71'1.ij 
116.1'J92 
1i11'i .014 
111901'51 

50.)05 
51,474 
,,):?660 
53.863 
')S.06:? 

17.340 
17 .:?65 
17.012 
1"'.600 

,"'.796 
)6.'5R6 
1"'. )77 

t60t se 
14.761 
14.5012 
14.269 
14.03) 

13.FlOl 
13.')17 
13.35') 
13.t 34 
12.91? 

12,665 
12.1')6 
l' .220 
11.979 
11.731 

30.973 
31.142 
31 •. 332 
1l.5.5 

.. 31.782 

.. )7.041 
)11'0322 

.. 32.626 
]7.9111l 
33.288 

33.64') 
- 301.017 
- ]4.1100 
- ]./1.194 
... 3501 96 

]5.60] 
... 311.014 
- ]6.426 
... 3f •• 1!.J8 

37 .2<17 

~ 3 7 .653 
... 3f1.0'5Z 
... )8.443 
.. ].<1.82'5 
.. )9.196 

39,555 
3Q.901 
40.232 
40."46 
40,848 

41.t 31 
41.396 
4t.l'>42 
41.1\'1'0 
42.0'1'9 

42.269 
42.<11)9 
1.17.,)90 

... 42.7;11 
Q2.~32 

Mar. 31, 1962; Dec. 31, 1971 

&Gf' 

17.]/10 
15.270 
13.369 
11.625 

11.59] 
9.1190 
8.240 

6.6)4 51 

5.255 '" 
3.91 4 
2.60 4 '" 
i .321. 

.060 
1.11'8 
2.)99 
3.603 
4,789 

5.963 
1.12,0 
1lI.26 6 
9.]99 

10.51 7 

10,01'0 
9.072 
8.065 
7.04 7 
6.02/11 

111.988 
3.942 
2.6t!15 
:I .61' 

.7]7 

035) .. 
1.AS5 
2.570 
3.697 
4,8]3 

5.985 
., 0145 .. 
8.31 9 .. 
9,500 .. 

10.690 

11.895 .. 
13.110 
14.])2 .. 
15.'S65 .. 
16.804 .. 

i8.0S5 
19.30 15 
20,'5'1'6 ... 
21,841 
23.11 6 

24,400 .. 
25.6S A 

26.98" 
28.::!l'9 .. 
29.5'1'9 .. 

)0.S8 411 .. 
32,11;6 ... 
33.505 .. 
34.8t5 .. 
36.129 .. 

..... K. 

INfI~IH 
B.lT) 
14,609 

e,521 

8,445 
5,404 
3,602 

2.1116 
t ,6&1 
t ,069 

,632 
,269 

,012 
.215 
.403 
.562 
.698 

,8tll 
,915 

1,004 
1. 0 81 
1.IC9 

1.0ca 
,901 
,ld6 
,642 
,527 

.419 
,3\9 
,225 
.137 
• 054 

,025 
.099 
.170 
.238 
.302 

.36) 
,422 
,4rs 
,532 
.58" 

.634 
,682 
,726 
,713 
,St6 

.&56 
• ege 
,9)7 
, 9;/'4 

t.OtO 

1,046 
1.0&0 
1.t13 
1.144 
1.175 

t,205 
1,2]4 
1,262 
1.29'0 
t,316 

LEAD MONOXIDE (PhO) (IDEAL GAS) GN = 223.1'" OPb 

Syrnme try number lIHf; ::: 17.3 :t 1.7 Kcal/mol 

Si9S.lS 57.31.13 ± 0,005 gibbs/mol llHf2SS.IS::: 16.8 t: 1.7 kcal/mol 

Electronic 4nd Molecular Constants 

State 

X Q. 

A O' 

, 1 

c O' 

C'1 

D 1 

E O' 

Heat of For",ation 

-1 
~ 

:WOBS 

12531 

21.0108 

25720 

30l>6l> 

31.i680 

~ ~ 
1. 922 

:1 .095 

:1 .011 

2.11 

2.14 

2.0 .. 6 

(2.183] 

Be' r-.rn-
1 

0,3074 

0,2587 

O. 26~6 

O. 2S~ 

O.2ll8 

0.2711 

[0.23821 

-1 
~ 
0.00212 

0.00138 

0.0026 

0,002 

0.0018 

0.0031 

[ O.QOlld 

-1 
~ 

721.8 

451. 7 

ll93,5 

[S3ll1 

[475J 

S30,S 

[ 440J 

l.I!eXe' cm-
l 

3.70 

3.33 

2. 26 

(3.9 ] 

[2.7J 

2.92 

U,6] 

A value for the dissociAtion energy can be calculated by applying; the Hildenbrand t'orf.l.ula (.!) to the linear 

Birge-Sponer ex'trapolation of 'the ground state vibrational levels. This procedure yields a DO = 91.4 kcal/mol, 

which corresponds to Mlfo ::: 14.5 kcal/mol. 

Recently Singh and Nair (:!) have calculated DO '; 99. '1 kcal/mol ['['om a speci.,11 potl!!ntial energy curve which 

into account 'the electI'Onego'.ltivity of the ator.ls. 

tdkes 

The heat of sublimation of PbO{yellow. c) 'to .llonomel'ic PbO has been measured mass-spectrometrica11y by 

Drowart et: al. (,£). Our analysis of their vapor pressure diit4 yields 6Hs
298 

::: 68.9 :t 1.5 kcallmol, which yields 

tlHf 29S (PbO, g) = 15.8 :!: 1.7 kcal/mol. This value: is adopted and corresponds 'to a dissociation energy at 0 K of 

a 9.6 kcal/mol . 

Heat Capacity and Entropy 

The tabulated molecular and electronic constants are 'taken from Ea.rI'ow e.t a1. (~). The state designations are 

those used by Barrow et al ..... ho interpret the spectra in tcrms of 'type c coupling, when thp. s'tate designations 

L, fl, etc. no longer have meaning. The estimated values for I.olexe for the C' and E st:at:es were obtained from the Be 

values by Averagin& the I.ol x IS ratio for the known stAtes. The functions were calculat:ed from the pa.'I"t:i'tion 

function Q ::: Qt~~Q~gi cX;(~C2~i/T)l the v41ues for Q; dnd Q~ were calculated with first-order anharmonic corrections. 

~ 

1. D. L. Hildenbrand, J. Chern. Phys. g, 807 (1969). 

2. J. Dro .... art:. R. Colin and G. Exs'teen, WADD-TR_60_782 part XXVI, Dec. B6tJ. Also available as AD6l2780. 

J. J. Singh And K. ? R. Na.ir, Indian J. PUre and Applied Physics Q., 130 (1971). 

4. R, F. Barrow, J. L. Deutsch and D. N. Tr-avis, Nature. 191, 374 (1961). 
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Sulfur Monoxide. (SO) 

(I de.a I Gas) GFW . 48.0634 

-----..... 1''"''---_ k<alI_ 
T, "K Cp' S" -(G'-IF_lIT W-H"_ ~ &Gr 

0 .0(10 .000 IHrHun . 2,{'187 1.110 l.tTO 
100 6,,9Stl 45.36. 59.287 1.39? 1.354 .816 
200 6.995 ~O.192 ~.'!I.670 e696 1.309 2.98:!1 ,., T .21 t ~!.O19 5:1.019 .000 l.ta1 ~.O60 

30. 7.'11 '!i.'!l.064 33.019 .Ot3 l.t6C 5.099 ... 7.!P*1 '\501!4 '53.306 .1'51. .A47 7.139 
SOO 7.e.s '56.900 '53.8'58 1.521 .037 111,912 

,0' tI.O~T ~e. 3'53 '!Ia.469 7.]18 .'52· · 10,701 
'0. b.272 ~9.61111 '!>'5.131 3.131' .895 · 12.350 
eo. 6.61. 60.T?9 '55.765 3.971 · I A.~84 · i'!!.2J:? 

9" tt.52!1 61.7'6 56. ]73 ·.~HI · I a.tlftl · 1'5.350 
1000 fI.616 62.629 56.9'5. '5.67oft - 1 4 .279 - 15.469 

1100 C.6'9fi1 6.3.'1'5" 'H. '!I 0 6 6.'541 111.216 15,'589 
1;1'00 1:I.161.! 6A.214 '56.035 1._'14 · 111."71 · 15.108 
1300 8.8?9 ,U .• 918 '58.538 e~:l94 - 1.4.265 1'!1.827 
teOO tI.8 9 1 65.S7& 59.0P 0;.180 14.258 · 15.948 
lS00 tI.95) 66.190 '5 0 .475 10~OT2 · 14 .249 · 16.01"0 

1600 9.0to 66. '1'10 '59.913 10.'HO · 14.'38 · 16.101 
1'1'00 9.07/1 1\7.318 60.H} 11.~1"5 14.223 16.313 
1l~00 9.113 "'7.8)8 60.735 12.1(~'"i 14.207 - 16.0)7 
1900 9.1Q2 6B.334 6\ .122 13.701 111.189 iA.~60 
2000 9.2'50 1\8.807 61.49!!) 14 .623 · 14.167 - 16.61!17 

2100 9.306 1\9.2'59 "1.8'5011 1'5.551 - 14.t44 - 16.8jll 
2200 9.)60 69.693 62.200 16.U!I& - 14.119 · 16.9410 
2)00 9.11113 70.111 62.5]5 17,"?3 - 14.09t - 11.01"0 
2U)O P.lItI) 70.512 62.h59 13.J67 1'.061 - P.lQ~ 
2'500 9.'511 10.900 63.1 73 19.)16 14.030 - 17.3]1 

2600 9.557 71.2"' 63.41e 20.21)9 13.096 · 17 ,'6] 
2'1'00 9,600 '1'1,6]5 63.77] 21.221 - tl.'il61 - IT,'59~ 
:1'800 9.640 'l'1.91!15 fl4.060 t'2.189 13.026 - 11.735 
2900 9,676 72~ 3?4 64,339 2].1'53 t 3~ft69 - 11'.6'1'0 
)000 9,713 1:?65) 1\4.611 24.123 13.1\52 - 18,00'1' 

1100 .... .,.6 '1'2.97'2 64,8'1'6 23.098 13.812 · 180146 
3200 9,716 13.2"2 65,134 26.074 · !3.774 · 18.288 
)300 9,80" 73.5"3 65.385 21.053 13.1)4 n,4I)1 
311100 9,8)0 '1'3,816- 65,6]0 28.0.]5 13.695 18,"571 
J'!IOO 9.8'53 74.161 65.810 29.019 Ih656 18.119 

3600 i.Sr.. 74.419 fill. to" 30.00'5 - 13.615 - 18 .86~ 
)'1'00 9,893 111,11 0 66.333 30.99] t 3.'571 - 19.008 
)800 9,911 1"4.9'" 66 ,'!i'ST 31.9!U 13.'5)7 19.t 55 
]900 9.921 7'3.232 66 • .,76 32.916 - 13.498 19.306 
4000 9.9111 15.,UI3 66.991 33.969 13.460 19.452 

&100 9.9'5] 7'5,1?9 .t,'I' .201 34.96" 11.422 - 19.603 
4200 9.965 15,969 IU.II07 3~.960 13.184 19,7'SI 
4300 9.97~ 16.20] 67.609 ]6.957 11.]&7 - 19,906 
4400 9.91!!] 16,"33 ~., .807 37.954 1 ).112 20,060 
4500 9,9 Q 1 16,651 1'>8.001 )6.953 · 1302'77 - 20.212 

&600 9,998 76.Hf 6L'.191 39.95) 11.242 - 20. )66 
4100 10,00' 77.092 1\8 •. 319 40,95] 13.207 - 20.'523 
li800 IV,OIO l"'1, ]03 61\,562 0111.954 1 l.P.!! - 20.619 
11900 10,0111 11",509 fJo8.1lI3 0II2.9!15 Il.t42 20,835 
'5000 10,019 17,711 68,920 1113.9'56 11.1.10 - 20,99'5 

5100 10,OU 11" ,910 69.09" oIIA.9Se t 1.060 - 21.150 
'HOO 10,026 16,105 69,266 "'5.961 13.0119 - 21.309 
'5300 10,029 78.296 69,43" 0116.9611 13.019 21 •• 67 
51100 aO.O:4J1 1S,Hn 69,600 oil' .96' 12.991 21.628 
5500 10.0)4 'l'f',6f1J7 69.76] 1118,910 12.962 21,187 

5600 10,036 7fJ,8118 69.924 "9.91) 1 2 .93~ - 21,948 
"1700 IV,O)9 10,026 70,082 '!>O.9'" 12.909 · 22.111 
5S00 10.041 19.200 70.238 !S1.981 12.8&2 · 22.270 
5900 10.0Il0l 79.372 70,391 32.96'5 12.656 22,1136 
6000 10.0A6 19.5&1 70,'542 53.990 12.631 - 22.~9.tI 

Dec. 31, 1960, June 30, 1961; Dec. 31, 1965; June 30, 19"11 

LooK. 

INF'JNITE 
1.T"" 
3.259 
3.109 

3,1t'5 
3.900 
3,922 

3.900 
l.1!56 
11.161 
3.728 
l.Ut 

].091 
2.661 
2.661 
2.490 
2.341 

2.212 
2.091 
1.996 
t .901} 
1.823 

1.750 
1.68) 
1.622 
1.566 
1,'515 

1. 4 68 
1.4:", 
I,)U 
1,31'1' 
1,312 

1,21'9 
1,2 .. 9 
1.2~1 
1.194 
1.169 

t,lIS 
1.123 
1,102 
I.OS:? 
1.063 

1.015 
1.026 
I.OI:? 

.996 

.9&2 

.968 

.95& 
,90112 
,929 
,918 

.906 

.896 
,885 
.875 
.866 

,8'57 
,848 
.8]9 
.611 
.823 

SULFUR MONOXIDE (SO) (IDEAL GAS) GFW ".S,O," OS 

Ground St.ate Configuration 3I,- lIiHO '" 1.17 ~ 0.03 keel/mol 

S29B.lS::; 53.02 .t 0.05 gibbs/mol lIHfi9B.15 ::; 1.17 0.03 kcallmol 

lS)e::: ll1JB.19 cm.-l 

Be ::: 0.72082 CJn-
l 

Heat of Formation 

Electronic Levels &nd puantum Weights 

State 

X32;-

oI! l,~ 

b l 2;+ 

,'n 

a3 z-

l.i' cm-.,l.. 

( 6350] 

10509.97 

( 

38292.5 

38455.2 

3B616 .S 

I.o162B.7 

~eXe ::; 6.116 cr.I.-
1 

a
e 

ll: 0.00562 em-I 

~ 

(J::; 1 

r ' e 
1. 48108 A 

Mdl"tin (1) found spectroscopically a sharp predissociation of SO(g) a:ld established a definite dissociation limit 

(5,053 eV). Norrish a.nd Oldershaw el' z:-edetermined the absorption spectra of SO by fluh photolysis and correct~? 

Martin's original vibl."'ation;2.l numbering, and then recalculated Martin's dissociation energy as DO(SO) :; 14-3219 cm ... 

(123. 57 kcal/mol) ASsuming normal dissocia't'ion products S{ 3 p ) + D( 3 p ) . However this lilrl t could also lead to excited 

products S(lO) .. 0(3 p ) which were favored by Herzberg (~.> s,nd yielded a lower v41ue DO(SO) = 97.1 kc&l/mol, The higher 

value, DO(SO) ,. 123,57 Keal/mo1, is fUl:'ther confirmed by nass spectroscopic C.~) ;U\d ultraviolet spectroscopic (.§.) studies 

4nd is adopted in the table to ca.lculate s:.HfO(SO, g) ., 1.17 ked/mol, using JANAF 6,HfO(O. g) ::: 58.989 kc£l/mol and 

lIHfo{S, g) " 65.75 ked/mol (§). 

Collin et al. (:i) studied mass spectror:'letrically the vaporization of C.s.S, S1'S and BaS and derived 0o{SO) ,. 123.5 :t 5 

kc:a1/1J¥)1 which is in good Agreement with the value adopted. McGarvey And McGrath (§.) investiga.ted the absorption spectra 

of SO(&) in the ultraviolet region and found a convergence limit lying at 53677 cm- l which corresponded to oS dissociation 

energy D;(SO) ::; 127.1 :.ccal/mol. Gaydon et a1. (2) repeated McGarvey's ext'rapol'!!'tion and favored a lower limit equiVAlent 

to DoeSO) :; 124 .!; 1 kcal/mol which is in excellent agreement with the adopted value. 

EquilibriWll data (!, 2) also support the higher value of DO{SO) = 123.58 kcal/r.lol, although the reliability 

of this data is Questionable. Pierre and Chi:pman (f) l'e.E"ot'ted a tentative value, <:.Hro = -18." :: :2 ked/mol for 

0.5 S2Cg) + O,S 02(g) ... SO{g) in the ;equilibrium s'tudy of lime-iron oxide slags with 802 or SOZ-CO mixture. This leads 

to 6HfO(SQ, g) ::: -3.3 kcal/Il\ol, using llHfO'S2' g) '"' 30.BO ked/mol. The value of !.\Hro is queertionable sir.ce it depends 

upon many assumptions and subsidiary data. Dewing and Richa.rdson (~) measut"ed equilihriullI constants for reaction 

(a) 5 2 (g) + 2 S02(g) ... 4 SO(g) at li:SO"C and (b) $02(&) .... SO(g} .. 0,5 02(g) a.t 1500~C. JANAF third law Mldlysis gives 

llHf 29S {SO, g) " +0.13 kcal/mol from reaction ( ... ) 4nd -0.17 kCaJ./lW1 from reaction (b). 'The average of these t"vlO values 

is ~Hf29a(SO. g) = 0 kC4l/mol which is in good agreement with the value selected; however Heachi (lQ,) and Blukis (1,1) 

found in the microwave spectroscopic studies that the 520 species !.IdS one of the important products in t:,"e Sulfur-S0
2 

equilibriWII which was considered as unimportal"l.t by Dewing .emd Richardson. 

Heat Capacity and E.ntropy 

T.,e molecular constants "'e' "'exe and a e are obtained from Norrish and 01dershaw (1) a.nd the values of Be and a
e 

4re obtained from precise microwave spectroscopic studies of Amano et a1. (lV And Powell and Lide (1,1). The electronic 

levels and quantum weights are taken from Collin (~) who listed o!!.ll known electronic states based on his own spectro

scopic stu.dies and literature date.. 
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Lead Dioxide (Pb02 ) 

I) GFW • 239. 1888 

~---tlbllol""---- "-11_-----
T,"K 

o 
100 
200 ". 
JOO 
.00 
500 

600 
700 
'00 
900 

1000 

1100 
1200 

Cp" so -(GP-W_J(f H""-W... 4Hf' 

.OOQ 
7.1"1 

{1.940 
14.620 

14. 6~,;) 
1C'.160 
l' .136 

19.0 101 
1'ii.OSO 

.000 
!!I.254 

11.836 
11.160 

17 .2~l 
21.691 
25.410 

2~.~97 
]1.374 
]).82'8 
n.02f 
n.OIS 

39.;;27 
41.ASill 

P~F"1"1IT[ '·/')21 64.502 
26.191 - 2.29. - 65.292 
18,1118 1.116 - 65,"13 
17.160 .000 . 65.600 

17.160 .027 65.598 
17,755 I.sr. 65.414 
H~.92~ :;.2.3 65.10119 

2u.?77 4.992 64,I':IaS 
21,669 6.79. !,!';,691 
23,0)8 15.612 11.';.372 
24. )61 I n.099 65.03] 
25.62'11 120387 04.678 

26.al~ 11.1·287 64 •. H6 
'l1.991 16·192 63.950 

Har. 31, 1962; Dec. 31, 1971 

IIGI" 

· U.~02 · 60~ 791 

· 56.1") 
51.0\&9 

51.102 
&6.69" - .2.044 

37.450 
.112.719 
28.031 - 23.3&3 
18.7710 

- 14.202 
9.661 

.... Kp 

INfPH'I'E 
112.&'1"2 

lU ,350 
37. '4) 

37,U6 
25.'5013 
18.378 

13.641 
10.21S 
1.~')a 

S.678 
4.10} 

2.e22 
1.76(} 

LEAD DIOXIDE (Pb0
2

) (CRYSTAL) Gn; 0 239 .1'" 02Pb 

lIMf; ~ _6t.1.5 t: 0.7 kCl1l1mol 

5 296 . 15 17.16.1 0.10 gibbs/mol IlHt;9B.15 -65.6 t: 0.7 kca1/mol 

Heat of formation 

ESp4da, Pilcher and Skinner <':!J have calorimetrically deteT7tlined "the hoel1t of the reac'tion Pb0
2

(c) to 2H
2

(Z) ... 

Pb(c) + 2H 20(£) 4S -71.02 1: 0.16 kcallmol from which they derive b.Hf;SS(Pb0 21 c) :; -65.61 :t 0.32 kca1/mol. This 

value aSSU.lJ.es "tha.t the Pb02 was 100\ pure, in fact it is VirtuAlly impossible (1) to prepare .& sample free of w4ter 

and fully oxidized. Thus. EspAda et 01.1. (1,) have incre4sed their uncertainty to 1: 0.7 kc&1/mol, to cover the 

likely spread of values 4ssuming typic::al compositions. 

Millar (1) h4s recdlculated the d.s.ta of Gl4ntone for the free energy of the cell reaction Pb0
2

(c) + H
2

(g) ... 

?bC(l'ed) to H2 0(t) 46 flGfiS8 = -49.600 kea1/mol. With auxiliary free energy d.!l.ta (.'!., 2,) we cAlculate 

6Gfi9S(Pb02, c) = -52.33 )(cal/mol which corresponds to 6Hf 29S (Pb0
2

! c) '" -65.45 kCOll/mol in reasonable agreement with 

the. value reported by Espada e't 111. (.!). 

We adopt the value dHfi9S{Pb02. c):: -65.6.t 0.7 kCAl/rnol. 

Heat Capaci1:y and Entropy 

Duillma..') and Giauque (1) h4ve reported the heat capacity of Pb0
2 

froRl IS to 31B K o1.nd ha .... e calculated the entropy 

298 K based on SIS:: 0.079 gibbs/mol. They had considera.ble difficulty in preparing a suitable sample of Pb0 2 
and finAlly used a sAlTlple containing PbO and H

1
0, 4S impurities. for which significant corrections were made to the 

measured data. HillaI' <'V also has meAsured the heat capacity from 70 to 29B K but is 7\ higher than the adopted 

values. 

High 'temperature enthalpy ddt!! h4ve been reported by Falm.aer (,2.) and Bousqt:et et 61. (1) but these da.ta 5uffer 

from unknown 4D1Ounts of impurity, for which the correction is probably SUbstantial, and decomposi"tion 'to 

intermediate oxides. Thus, the heAt: capacity abo .... e 'l'Qom temperature was es'timated by a graphical extrapolation of 

the low temperature heat capacity. 

Decom-peai t:ion 

Numerou6 inve 5t iga tors ha. .... e repor1;ed the decomposition of Pb0
2 

at elev.ated temper4 ture5, however, the exac t 

processes are still not well define.d. Otto C.~) indica.tes a three step process to Pb)04' but 'the intermediate 

compositions are not established. The temperature at which the decor,\position pressure of oxygen reaches 0.2 atm 

was reported as 260eC by Otto while w1\ite and Roy (1) indicate 293"C. The enthalpies <lod entropies report:ed are 

in serious disagreement with adopted values and indicate failure to attAin equilibrium. 
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Orthoplumbate ". Lead (Pb

3
0

4
l 

" ~ 
'" (Crysta I ) GFW - 685.5676 
~ 
C! 
D ~---glbiMl ... I----- wI/mol 
!i T, 'K Cp' S' -(G'-H"_){f ""-w_ '111" 

< 
I!- 0 ,000 .000 P".lNl n. 7.215 .. 169.903 , .. ZO,tUO 19.061 79.27.7 6.01' ... 171.359 

!"' '0. 31.tOO ]7 .oro ':13.370 3.]60 .. 171.906 , .. 31'.030 50.b60 50.660 .000 .. 171.770 

Z , .. ]7 .12ti 50,li69 50.661 .069 111.763 .. 
.00 41. 3~O 62. t8b 520172 4.006 171.'204 

~ 
>0. "".000 11.720 5501'54 8.28] .. 110,li08 

.00 4~. 600 79,B9) 'HI.fl13 t?768 .. 169.503 

..g 7 •• Gb,600 86.997 62.172 170378 .. 172.0,)9 

..... 60. 41 ,600 93.285 65.675 27.088 .. 171.108 

"" ••• IIb.600 98.9"9 69.063 26.1l98 170,0615 
tOOO .q".60Q 104.t 22 72.314 31.606 168.930 

1100 ')0,600 106.69'" f5.1;2'!1 3ti.6jtl .. 167.695 
1200 51.600 113.342 71;.1102 41.925 166.)5' 
, lOO S2.600 117 .~11 61.251 47.13A .. 1611.916 
1 iii 00 -'J.600 121.1146 8l.98] 57.4411\ 163.389 
1 ~oo 5 4 .6(10 125.11 a 66.606 57.858 .. 161.773 

Mar. 31. 1962; Dec. 31, 1971 

'GI"' LotKp 

.. 169.903 INfiNiTE 

.. 162.3118 ]'H.6U 

.. 15].050 167.245 

... 14].80· 105,411 

.. t .. ), ~ 6]0 10",615 

.. 134.327 73,393 

.. 1250199 S4.724 

.. 116.239 42, ]laO 
106.863 31.364 
97,615 26.667 
6e.490 21.486 
19.464 11.H1 

- 10.600 1 4 ,021 
61.629 11.261 
53,176 8.940 
4.,64\ 6.969 - }6.210 5.276 

LEAD ORTHOPLUMBATE {PbJO,,) (CRYSTAL) GFW 0 "'.56" 04 Pb 3 

nHfO :: 169.9 !: 1. 5 kcal/mol 

S298.15 50.66 1.6 gibbs/:nol .oHfis8.15 171.77 f 1.5 kc:alhnol 

Hed.t of Form.ation 

Espada, Pilcher and Skin.ner' (1) have measured the hea t of the reduction l"'eaction pbO l • 3 (c) + 1. 3H 2 (g) ... Ph (c) .,. 

1.3H
2
0{t) 4S -32.07 kC411mol. They assumed that 'the sample consisted of 90.1\ mol percent. PhOl . J33 and 9.9 mol PhO 

and corrected the observed heat of rea.ction to -33.82 !: 0.25 kC41/mol for- the reaction Pb01.333Cc) + 1.333 H2 (g) ... 

Pb{c) .. 1.333 H
2
0(f,) , This leads 'to l:.Hf(Pb

3
0 14 • c) :: -171.77 :!: loS kc.,.l/mol which is adopted . 

Andrews and Brown (I) used reversible cells to obtain llGr
ZSB 

:: -69140 caL for the reac'tion Hg{t} j. l"b3 04 (c} ... 

HgO(c) .. 3PbO(red, C), wit:h JANAf auxili4ry data (1) this yields lIGfi9S{PbJ0I4' c) :: -)1J.2.76 ! 0,5 kcal/mol which is 

equivalent: to lIHfi9S(Pb304' c) :: -170.73 f 1.1 kCdl/mol. This value is in agl'€ement with the adopted lIalue within 

the combined uncertain ties. 

Reinders and Hamburger (~.> and Otto (~.> studied the decomposition pressure of 'the reaction Pb 30 li (c) ... 3PbO{c) + 

0.5 02(g) n. second- 4J1d 'third-law analysis of their data is given below . 

Reference Points 

"' 19 

<lHr298 kcal/mo1 

~ll&.~_ ~~ 

718-880 K 20.19-!0.14 19 08!O.11 

157-911 K 20.8~,!O.10 18.98:t0.2"2 

"Derived from 3rd la.w t.H1'29S' 

Ddft 

-1..4:.:0.2 

-2.2fO.1 

"/lHf29S(Pb30q' c) 

kcallll'.ol 

-175.44 

-175. 3~ 

Although these two sets of data are in good ag!'eement they are outside the adopted heat of formation unceI'tain'ty limits, 

and r-e:alistic adjustments of the en'tropy or heat capacity fail to clirl1.inate this discr",=pa.:1cy. 

In addition there have been ce.l1 measur-ements linls:i"ng PbO:? and Pb;:j0lj' which serv~ to indicate the overall 

consistency of the lead-oxygen system. The absolute uncertainty in the heat of fO!"':"l\.ation and the difficulty of 

prepari.ng pure Pb0
2 

mak.e it a. poor' choice on which to base the heat of forma:t:ion or Pb 30 4 . A."1.dr-ews and Brown (~) 

obtained 6Gr"
298 

:: -18.12 kcal for t:he reaction 2Eg(t) 4- 3Pb0
2

{c) .... Pb
3

04 (c) .,. -!HgO(c). This yields .oGfi9S{Pb3041 c) :: 

-1144.62 ~ 2.1 kcallmo1 with JANAF auxiliary data (1.), which corresponds to £lHfi9S(Pb304. c) :: -172.59 ~ 7.6 kcallmol. 

Millar (§.) ha.s recalculated the cata of Glasstone for the reaction 3Pb0
2

Cc) + 2H 2 (g} .... Pb 30 4 + 2H 20(t) a.s llGri98 :: 

-104.36 kcal which witr, auxiliary data (1,1) yields cGf 29S CPb;l0II' c) " -145.45 .!. 2.1 kcal/rnol which cOrI'esponds "to 

£IHf29a(Pb30ll-t c) :: -173.142 ~ 2,5 kcallll'\Ol. 

Hedt Capacity and :.ntropy 

The 10 .... tempera:tuN! heat: capacity from 71,5 K to ZgZ.6 K has been reported by Millar (§), These values were used 

to calcu14-:::e 5
299 

based on 5
70

•
8 

= 12,67 gibbs/mol (.2.) Enthalpies in the !'d.nge 365 to 761 K ha.ve been reported by 

Bousquet et al. (~). These data encompass the range where the dissociation pressure is significant (761T1m) and we have 

no't used the data above 500 K. The mean heat capacities were plot"ted at the m~an tempcra.tures for the five points used 

and ol. STl'.ooth curve w.as drawn graphically through them and the low terr,perature data set:. The four highest points of 

Hilla.r (.§.) were not USfi!d since at least: two were repor"ted as bad points dod they did not: fit onto "'the smooth curve. 

Deco.!flposition 

The decomposition pre.ssure reacher; 1 atm. at 869.7 according to Reinders and Hamburger- (:!) a.nd a:t 867.2 K 

according to Otto (.§) , This table indicates a. tem.perature of 690 K for the decorr,position pressure to reach 1 

The significant difference is due to the fact th",t he.!.,! and entropy derived from the dissoci<!tion cannot: be 

simultaneously satisfied by any realistic variation of the entropy and heat: capacity of Pb 3 0ij' 
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Sulfur, Monatomic (S) 

(rdea~ GFW - 32.06~4 ________ _ 

T,"K 

o 
.00 
,o0 ,.. 
100 
'00 ,.0 
•• 0 
'.0 
'00 
.00 

1000 

1100 
1200 
1300 
11100 
l~OO 

1600 
1700 
1800 
1900 
2000 

:1100 
2200 
2300 
2400 
2500 

2600 
2100 
2800 
2900 
3000 

3tOO 
3200 
HOO 
3400 
)500 

,600 
J700 
]500 
3900 
4000 

"lOa 
4200 
4]00 
OUOO 
4500 

4600 
4100 
AGOD 
4900 
5000 

5100 
5200 
5)00 
5i100 
5500 

5600 
5100 
S800 
5900 
6000 

----~ibb5JmoJ----

CpO S" -(G~-W2h)rr 

.000 
5~ to. 
5~590 
S.6~et 

~86!H' 

5.553 
5.4)5 

5.]39 
5.266 
5.210 
5.168 
5.136 

5. til 
5.092 
5.019 
5.069 
5,063 

5.062 
5.063 
5.068 
5.075 
5.035 

5,097 
5.111 
5,127 
5,1" 
5.162 

5.1al 
5.200 
5.219 
5.239 
5.25l!!l 

5.277 
5.295 
5,313 
5.])0 
5.347 

5,363 
'!iI.37ft 
5.392 
5.406 
'5.1116 

5.4]0 
5 • .11141 
5.451 
5.461 
5,.U9 

5.417 
St il e4 
~."91 
~.49T 
5.'502 

5.S01 
5.511 
5.515 
5.518 
5.520 

5.'523 
5.525 
5.526 
5.521 
5.528 

.000 
311.t26 
37.I!I]O 
110.0&'5 

40a! 20 
"I.rn 
42.961 

43.U3 
411.760 
45.460 
116.0'1'1 
'6.6U 

47 .t02 
4'1'.~U6 

lIT.iS3 
46.)29 
.1116.678 

49,005 
49.312 
49.601 
49.815 
50.136 

50.)84 
50.622 
50.S49 
'51.°61 
'!il.27S 

51,4S1 
51,677, 
'51.&66 
52.050 
52.226 

52._01 
52.56!!1 
52.712 
52.691 
53.0.5-

53.196 
5303143 
'H.487 
53.627 
53.764 

53.896 
~S4.029 
5 •• 157 
5&.2eJ 
5&."05 

5'.'26 
5&.6U 
54,759 
~4.6r'Z 
54.ge4 

55.093 
55.200 
55. )05 
5'5.408 
55.'109 

55.605 
55, r06 
55.502 
'5.tl97 
5-5.990 

l#IIflNITE 
.IIIS.0'5 
0lil0.603 
lI().O!!l~ 

40,085 
110.306 
110,720 

IIl.11'1!! 
41.6H 
42.068 
82.4190 
i2.8eH 

113.230 
43.571 
43.89l 
411.196 
1i14.liIe4 

u.156 
1iI'S.OU 
1iI'5.262 
iii'S. "'HI 
115.723 

'5.9)9 
116.1$1 
U.lU 
46.536 
U,124 

4&.903 
aT .076 
AT .2114 
47 .&06 
41.564 

".717 
.tiI7.866 
4S.0U 
41.J53 
4C.290 

41.'2' 
'6,SS5 
'!!I,6!U 
a6,806 
"e.'HO 
49.050 
49 d67 
49.261 
49.39. 
49.!lOa 

49.612 
.119.117 
19,621 
&9.923 
50.023 

50.122 
50.218 
50,l13 
50.107 
50."98 

50.539 
50.610 
50.'1'65 
50.851 
50.9l6 

H"_Ha 
.. 

.. 1.591 
1.092 

.5!1S 

.000 

.010 

.5T! 
1.1 21 

1.659 
2.1 89 
2.71) 
3.232 
3 • .,.1 

4.259 
4.169 
'5.278 
5.185 
6.292 

6.198 
7.304 
7.IHt 
8, liS 
8.826 

9.335 
9.S.5 
10.3~7 
10.671 
11.)56 

11.903 
12 •• 22 
12.91) 
13.466 
13.991 

14.513 
15.046 
IS.'STl 
16.109 
16.64] 

1701 Ta 
11.715 
18.254 
18.794 
19.335 

u.an 
20,421 
20,965 
21.'Hl 
22.058 

22.605 
230153 
23.702 
2fl.2'H 
211.801 

25.351 
25.902 
26 •• 5. 
21.005 
21.557 

28.109 
28.662 
29.21" 
29.167 
30.320 

---kcallmol'----_ 
>HI" 

65.150 
66.085 
66.229 
66.2&8 

66.268 
6'5.750 
65.362 

65.0.3 
64.713 
51,472 
51.55.] 
51.6:H 

51.696 
51,762 
'51.826 
'51 t 1!l66 
51.945 

52.003 
'52.060 
52,111" 
52.174 
52.231 

52,2M 
52.3.116 
52,405 
52,4,6 
52.52e!i 

52.591 
52.656 
52.722 
52.790 
52.859 

52.931 
53.002 
53.077 
5] 0152 
53.228 

53.306 
53.384 
53 • .065 
53.5.116 
53.628 

53.711 
53.795 
53.879 
53.961:1 
~H .OSO 

'S4,136 
54.22l 
5".310 'S'. ]91 
54.484 

SA.SH 
5A.6S9 
5A,74a 
54,835 
511.92] 

55.010 
55.0U 
550185 
55.273 
5'.360 

"01" Log Kp 

65.750 IHF'INIH 
62.969 .. 131.619 
59.78e .. 65.333 
56.612 .. 41.498 

56.'552 .. 41.198 
5).326 .. 290136 
50.265 .. 21.911 

,*1.271 
44.362 .. 
40.195 
36.780 .. 
37.357 

35.926 .. 
34 .490 
3).0.9 
31.602 ... 
30.150 

21!l.696 ... 
2T.2,H ... 
25 .. 775 .. 
24.311 
22.843 .. 

21.311 .. 
19.999 ... 
UJ.Q22 ... 
16.U:'] 
15.462 

13.976 .. 
12.1391 .. 
11.00t .. 
9.511 .. 
8.0UI .. 

6.522 .. 
5.023 .. 
3.522 
2.021 ... 

.51.3 .. 

.993 
2.501 
A.013 
5.528 
7.0'1 

8.560 
.. 10.079 
.. 11.602 
.. 130125 
.. 14.649 

16.118 
... 11'.709 
.. 19.2"1 
.. 20.771 
.. 22.308 

.. 23.6'" 

.. 25.382 

.. 26.923 

.. 26."6] 

.. 30.007 

.. 31.551 

.. 3].099 

.. )".646 

.. 36.199 

.. 31'.7"6 

17 .221 
13.650 
10.961 
9,4iT 
6.164 

7.138 
6.281 
5.556 
4,933 
A.393 

3.920 
3.502 
3.1]0 
2.796 
2.496 

2.224 
1.9'1'7 
1.750 
le!iA3 
1.3'52 

l.t75 
1.0U 

.859 

.717 
,564 

.460 

.3"3 

.233 

.130 

.032 

.060 

.14& 

.231 

.310 

.385 

.456 

.52" 

.590 

.652 

.7il 

.769 

.82l 

.876 

.920 

.915 

t .022 
1.06T 
1.110 
1.152 
1.192 

1.2]1 
1 ~269 
1.306 
t. HI 
1.]'/1'5 

Dec. 31, 1960; June JO, 1961; Dec. 31, 1965; June 30, 1971 

SULfUR, MONATOMIC (S) (IDEAL GAS) GN = 32.06lJ 

Ground St:at:e Configu:-ation 3 P2 iiHfO 65.75 '!: 0.01 kcal/rool 

S29S.lS 40.09 0.01 gibbs/mol ~Hf;98.lS £6.29 ~ 0.01 kcal/mol 

Elect:ron.ic Levels and Quant:um Weights 

Heat of formation 

-1 

~ 
0.0 

396.09 

573.65 

9238.58 

22179.99 

5262].58 

55331.15 

6341.l6 .. U; 

63457.33 

63475.26 

6~891. 71 

646139.23 

G48'32.B9 

67816.87 

67825.72 

67843.38 

!i 
-1 
~ 
67878.03 

67890.45 

67888.25 

67885.97 

67884.67 

69238.7 

70165.9 

70166.8 

70170 •. , 

( 70706.0] 

71352. S 

72025. ~ 

72392.5 

72572.4 

73911.53 

73915.16 

~ 
-1 
~ 
73921.14 

74269.2 

7lJ.270.29 

74272.32 

753lJ2.02 

~ 

40 

75706.70 73 

77986.31 39 

7833 B. 3 ~ 54 

79014.3 83 

79782.1 52 

80158.61 24 

80631~. 0 89 

81089.9 29 

31405.23 a4 

811364.6 101 

92353.3 25 

s 

The adop'ted value, ilHfOCS, g) ::: 65.75 kcal/mol is calculat'ed from uHf';(S2' g) = 30.60 kcallrno1 C~) and DO{S2) '" 

100.69 .t 0.01 kcal/mol. The dissocia1:iOn energy of S2(g) has bet!n studied by many investigators, using a vdriety of 

t:echniques. Since the earlier measurt:ment:s have been review~d by Herzberg (2.), Ga.ydon (1). Brewer (,::) and Drowart' and 

Goldfinger <2,), only those of~recent detcrll',inations are listed below. 

Investigation 

Ricks and BarTOW (§) 

Berkowi'tz and Chupka (2) 

Dibeler dIld Li.ston (§) 

Budininl<ds et al. (~) 

Dl'owart and Goldfinger (~) 

Colin oCt' al. (J"Q) 

Dat. 

1969 

1969 

1968 

1967 

1967 

1964 

He'thod 

Spec'troscopic 

Photoionization 

Photoionizdtion 

Thermochemi cal Cycles 
of reS, SnS and PbS 

Hass-s p€c'trome tric 

QQJ.22)- ked/mol 

100.69 !; 0.01 

101.0 0.2 

~.J"Ol.O .t 0.8 

99.2 1. 2 

101.7 2.9 

101.0 2.5 

97 '!: 5 

Histo'::"'ically, t:her-e were three conflicting va.lues. for DO{S2)' i.e. 101.5, 83.0 and 75.1 kcal/mol, which WeI'e due to t:he 

ambiguity of defining the excita'tion state of 'the at:ocic pl"oducts r-esul'ting from pt'cdissocii'l.tion in the spect:ro6copic 

measurements. However the recent d(:t:erll'.inations using diffc:r'ent techniques as shown in the table are in good agreement, 

and all indicate that the high value is the mos.t: probable one. The selected value, D;(5
2

) '"' 100.69 ~ 0.01 kcal/mol, is 

obtained f!'o:r.l the most: recen t and precise spectroscopic medsurement:s (§) and is further suppor-red by those determined by 

thermochemical cycl~s (2). photoionization (2, ~) and md5S spec'trometry (~). 

Heat: Cap.sci ty and Ent:ropy 

The ground state configuration, electronic levels and quant:um WE:i~ht:s are ob-rained from M.oore (]J), except the 

foul" lcwez1: exci'ted levels (396.09 - 22179 .99 cm-:;') which were redetermined by Kauf!:la.n a,lld Radziemski (11). The5c values 

3l"'e in good a.greement w:i'1:h McConkey et a1. (del), TOI'esson (~) and Moore (,D). 

~ 
1. JAN A: S2(g) table dated Dec. 31, 1965. 
2. G. Herzberg, "Spec'tY'u of Diatomic Molecules," D. Van Nostrand Co., Inc., New York, 1950. 
3. A. G. Gaydon, "Dissocia:tion Ene.rgies," Chapman and Hill L't:d., London, 3rd Ed., 1968. 
4. L. Brewer, J. Chem. PhYll. 11., 1143 (1959). 
S. J. Drowart and P. Goldfinger, Quart. Rev. 20, 545 (1966). 
6, J. M. Ricks and R. F. Bal':-'olol, Can. J. Phys~!:.1, 2423 (2969). 
7. J. Berkowitz and W. A. Ch\lpka. J. Chern. Phys. lQ, 471.:5 (1969). 
13. v. H. Dibeler and S. K. Liston, J. Chern. Phys. ::0!, 4B2 (l9(8). 
9. P. Budininkas, R. 1<. Edwards and P. G. Wahlbec:k, J. C:'1el!l.. Phys. ~. 2859 (1968). 

10. R, Colin. P. Goldfinger and M. Jeunehor<l1'!le, Trans. Fal"aday Soc • .§Q, 906 (1964). 
11. C. E. Moore, "Atomic "Energy Levels," Vol. 1, Nat'l. Bur. Stds. eire. 467, 191.19. 
12. V. ](aufma.. and J. Radziemski, J. Opt. Soc. /vn. ~J 227 (l969). 
13. J. W. McConkey, J. Burns, K. A. Moran and J. A. Kernahan, Na'ture ill, S3B (1958). 
14. Y. G. Toresson, fys. ll, 417 (1960). 

S 

'-
~ 
Z 
:I> 
"" ..... 
::x:: 
m 

~ n 
::x:: 
m 
~ 
n 
:I> .... 
...... 
:I> 
l:IIlI .... 
m 

~II.I'II 

00 .... 
.to. 
II.1'II 
c::: 
"'CP 
"'CP .... 
m 
3: 
m 
Z ..... 

"'" ..... ..... 

lpaek

lpaek

lpaek



Si I icon Monosulfide (Si S) 

( I dea I Gas) GFW - 60.152 

----glh .. , ... ,---- kcali_ 
T, 'K CpO S" -(G"- ...... )!T HO-W_ ~Rf' 

0 ,000 .000 INFINITE 2oiJ7 25.010 
,00 6,962 45-.'59/1 60,007 1.4111 Z<;.478 
200 ' .. 2 .. 2 50.1179 SCI.ISII .7]5 2';;,'HO ". 1,128 .,3.116::' 53.1162 .000 25.32' 

JOO , ~ 736 '53.510 53.>1062 .0111! 2'),320 
000 8.115 55.791 53.71\ .808 2".508 
>00 B ~ ]64 57.631 "4.]65 1.6]] c>1.851 

.00 1;.526 59.171 5~.Ollt ?.47e 23.:271 
100 ~. 639 60.&95 0,5.128 3,,1]7 22.711'5 
.00 e.71tJ 61.6'H 56.39iS 4,205 Q.1SS 
900 t'A.rrr 62.6'\011 'H.040 5.0110 9.013 

iOOO 6,821 6).611 "" .. 651 5.960 8.a28 · 
1.100 e.!:;! 64,115.11 56.232 6.8114 8.634 · 1200 a,ali_ 65.22'; 58,7&3 1.731 6.4)2 
13110 8~908 65.'>']8 59.]06 8.620 6.221 
1400 1:1.926 66.~\HI 59 G 1504 9.')12 8.00l 
1500 tI.9115 67.215 60 G 27e 10,'06 7.172 

HOO e.960 67.793 60.710 1 t .301 7.5)4 · 
HOO ".974 66.336 hl.lfol t2.19!1\ 11.1'06 -
1&00 1I.91il6 6B.e')0 61.,,>74 13.096 4.906 
1900 d.9ge 69.H6 61.970 13.995 0;.109 · ;;t000 '>I.OOtS 69.798 62'.350 1 11 .895 5.]10 

2100 9 G Otel 70.236 62.71S 15.791' 5.510 -
2200 .:;.02t1 TO.b')1 63.061 1"'.699 5.710 
2300 'iI,017 Tl.059 6J.40~ t 7.602 5.910 -
2400 9,046 7'1.444 6).732 t ~ .'506 6.10Q -
2500 "'.OSS 1'1.813 {l4.048 19,411 6.Jor · 
2&00 i.Oell 1'2 ~ 16S 64.3'54 20. ]17 6.505 · 2700 9.072 , 2' • ~:J1 I 64.6S0 2t.224 6,702 
2&00 '1.062 '2.~41 "".'H6 220132 6.899 
2900 9.092 1).1';9 65,214 2).lHi r .095 
3000 9.10ii! 73.468 "'S."S4 2],950 7'.292 · 
3100 9.114 73.767 650,747 211 .861 l' ,486 · HOD '1.126 14.056 66.002 25.773 7.681 · 3100 9.140 '4.331 66.(,')0 26.686 7.IH4 · 
.HOO 9.156 r4 .. 610 66 •• 92 27,foOl 8.066 · 
3'00 '1.173 14.!i7'6 66.7'28 28.517 8.259 

]600 9.192 1'50135 66.956 29.436 .. 100,1107 · HoO "'.213 75.3tH 61.182 30.356 .. 100.1197' · l&oO 9.237 1').633 67.401 31.27" .. tOO.o;&4 · 
"900 '1.263 75.b7) 67.616 )2.203 .. lOO.HO · lI.OOQ 9.292 16ol0b 67.825 ]J.13t .. 100.753 · 
61100 '" ~ 324 16.338 6B.030 ]4.062 .. 100.8)4 · 4200 9.359 76.56) 68~230 ]4.996 .. 100.9,2 -
1.1]00 9.391 76.783 6t!.1127 35.9]4 .. 100,966 -
,~AOO 'I •. H9 11'.000 66.619 36.~76 10i .058 
4500 9.4&4 77.213 68.80a ]7.822 .. 101.t25 -
4600 9 ~ ~)j2 7' .&2.2 68.99] )".773 .. lOt .tS? · 
4700 9.5"4 T7 .tl27 69.1 roll 39.729 .. 101.24'5 · 
4600 9.640 17.t!29 69,352 110.690 .. 101.298 -4900 9.699 76.029 >'I9.52.r at .657 .. 101.345 -
... 000 '>1.7'62 78.225 69.699 4?6)0 ... IOl.3lF -
5100 9~82~ 78.6\9 69.1569 43.609 .. 1°1.423 
'!o2eO 9 .. e9~ '1'6.611 '0.035 44.';95 .. lOt .4')2 -
'!o)00 9 .. 91'2 76.1500 rO.196 45.S69 .. lOt .412 -
".00 10.049 76.>,187 7v.359 4f).590 .. Htl.4!H · 5')00 10 .. 129 T9.1f2 10. ')1 8 4 7 .';99 .. 101."91.1 · 
5600 I 0~213 79. )5~ 'I). 61' ~ 4~.616 101.1&94 · 
""00 to.29" 79.'J37 70.828 49.641 tOt.486 
'5600 1 O~)69 79.1'1 T 70.960 50.67'6 lOt ,469 
";9(')0 10.11111 79.395 11.129 51. '1'19 .. 10t,UU 
MoO 10.5>76 80,072 '1.277 52.'1'72 tOI.410 

Dec. 31, 1960; Dec. 31, 1S71 

AGI' LotIKp 

25.010 iNF INIlE 
21.306 . 46,565 
11,096 18.682 
13.001 9,5]0 

12,925 9,416 
a.8S4 11,8]& 
5.01 8 2.193 

1.301' ,'76 
2.288 ,7111 
7,098 t ,9)9 
9.122 2.215 

11 0\21 2,"]2 

B.nS 2.606 
1'5.053 2.'4' 
17.0H 2.86' 
t6.968 2.961 
20.C87 3.0113 

22.789 3.113 
2 •• ~HI 3.159 
25.73" 3.12" 
26.885 3.092 
26.025 3.062 

29.151 3.0]4 
)0.279 3.008 
31.)91 2.983 
)2.119) 2.9,)9 
33.589 2,9)6 

34."176 2.9!S 
35.7SS 2.!U 
36.11)]0 2.815 
H.l!I95 2.856 
39.953 2.6]6 

40.007 2.820 
41.051 2.eOo 
.1112.092 2.7ae 
4J.ll4 2.71"2 
Q4.tS6 2.157 

42.921. 2.606 
_1.321 2.ti41 
)9.72'1 2.i!'U 
36,121 2.136 
36.');12 1.995 

311,909 1.661 
33.299 1.7)3 
31.689 1.61 t 
30,077 1.694 
28 •• 51 1,382 

26.8&/1 I.US 
2'5.226 1.17J 
23.612 1.01S 
21.989 .931 
20.]7" .891 

18.1',6 .503 
17.126 .720 
15.'!I07 .6]9 
!l.esli .562 
12.26" ,487 

10,6]1 .4t5 
9,Ot5 .346 
7.393 .219 
5.7'T1' .21' 
II, i~2 .1SI 

SILICON Sur.fIOE (SIS) (IDEAL GAS) GFW 0 60.152 SS i 
Ground State Configurat'ion 1 Z+ 

Si98,15 53.46 0.5 gibbs/mol 

Electronic Levels and t;Ll!!l_I}j:_l!!!'"-_~~i.~ 

-1 740.34 em 

Be 0.29930 cm-
l 

Hea t of Forma tion 

Sta~_~ 

X11, ... 

[ a 3 nl 

DIn 

( e 3 Z-) 

-1 
t i • em 

( 24700) 

35029 

t 35140] 

37114 

rlz- (37290J 

E1 Z+ 41924 

WcXe 2.51.14 cm-1 

0.00145 cm-1 

~ 

llHfO:;: 25.01 t 3.00 keel/mol 

.1Hf;9S.1S :;: 25.32 ! 3.00 kcal/rnol 

" :;: 1 

re .:: 1.92932 A 

Herzberi <.V suggests a dissociation energy for SiS(g) of 6.6 eV. This result W4S derilfed from a spectroscopic 

analysis of the D-X and E-X band systems by 3arrow and Jevons <::). Vd.go and Barrow C§) t 4nd Bar-row (§). Robinson and 

·Barrow (~) extended the work of Va go and Barrow (.§.) and drrived at a VAlue of 147.1< :!: 3.0 k.cal/mol (6.39 eV), In this 

l4tter work a graphical Birge-Sponer extrapolation was ma.de using 28 vibrAtional levels of the r: state. The highest 

level is quite near t~le convergence limit and thus only a short extro!lpolation is necessary. The extrApolation 

g;ra.phicallY indicates the absolute minimum and maxir:'lur.I to be 6.28 eV and 6.57 eV, respectively. This 4l:10untS to a 

range of maximum uncerta.inty of approximately 7 k:cal. products of the dissoci4tion must be Si(3 p ) and S(3 p ) but 

it is not certain as to which of the sublevels of the states arc involved. This leads to 4l'l uncertainty of 

!. 1.2 kcal/mol (i). The result is ir: agreement with a rotational an",lysis of the OlIl_XlZ.+ system by Lagerqvist, 

Nilheden, 4lld B.aI"rQW (1) .... hich led to a value of 6,47 eV (H9.2 kcal/mol), 

The value of the dissocia.tion energy chosen is 11<7.4 t 3.0 kcal/mol, Msecl on the W<.)rk by Robinson and Bdrro .... (§). 

Gaydon (]) and Vedeneyev et 41. (1) suggest a similar value, based on the work by Robir,son and Barrow (~) and others. 

This ... alue is also consis'ten1: with the. tabulated dissociation energies of Gdydon (;P d:8 tdr dS trends which might be 

expected in the oxides, sulfides, and selenides of C, Si, Gel 3n, .lnd Ph. The resulting heat of forma.tion is 

llHfO :: 2~.Ol t 3.00 kcal/mol. 

Rosenqvist 4nd Tungesvik (.!J.) studied t"!'o reaction system.s by a transpoI''tation met:hod. By co:nbining th-ese 

SyStU\5, the st41'l.dard !'ree energy of the re4ctior; 25i(5) oj. S2(g) :;' 2SiS{g) was ca1cul",'ted. Using JANAF values (~) 

for SiCs) and S2(g») lIGf- v",lues for S1S(g) at O·K and 300"K dre 27.652 kC411mol dnd 15.933 kc.al/:nol! respectively. 

These values are .... ithin the error ra.nge of the values in this t4bulation. 

Heat Capacity 4.."1d Entropy 

The spectroscopic const4nts, corrected for the natural. abundances of Si 4nd S, are from. Hoeft (.2). 4nd Lagerqyist, 

Nilheden, and Barrow (1). 

Herzberg (2) tabulates the X1Z"', oln, and E states and com.l:'ler.ts on unresolved b4nds &t 16000-29000 em-1 • The 

a 3n s't4te is pr~dictfld by an in'terpolation of similar a 3 rr_x l z+ sp1itt:ings in the sulfides a.nd oxides of C 1 Ge. Sn. 

(!.Q, .ll). The I."emal.ning states "'re deduced by '" r"otational an41ysis of the E-X system of SiS (2., l.V. It is not 

known cOl'lclusively whether the F state is ln or l~. The energy of the e and t states are upper bound estim4tes. 
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Si I icon Disulfide (S i S2) 

(Crystal LCifl'L .. 92.214 

----&lbbol ... '---~ 
_ .... 

T, "K Cp' S" -{GO-WIN)(f 11"-8"_ "-"'" aGI" Log K. 
0 

100 
200 
298 18 .. S20 l'L.1OO 1 'iI~200 .ooe - ">loOC(' - '50. a3l 37 .. 262 

300 18 .. '52'5 19.315 1'9.200 .. 034 '50 ~q.q5 - 50.8'31 37.031 
.00 18 .. 790 Zfte68Q lQ .. 'ilJO l.IlOQ - '510834 - 50.174 27 .. Hl 
SOO 19.070 28 .. S'iI'iI ;n~317 ).7'91 - 52 .. 363 - 50.('''6 22.0'50 

.00 19.530 32 .. 423 22 .. 882 5.125 - '52.711 - '50.0l7 18.22<' 
'00 19.600 .3'5 .. 436 24.465 7.67ct' - ")2 0 942 - 49 .. 512 15 .. 458 
.00 l'Jo .. S70 3B.C71 260 OOS 96653 - 79.218 '>1 .. 548 14 .. 082 
.00 20 .. 140 40.427 11 .. "7'9 11 ~6'H - 78.7el; - 48.118 11.685 

1000 20.'010 42.563 28 .. 882 13 .. 6111 - 7a o Hl4 - 44.147 9 .. 77Q 

1100 20.682 IH.521 30 .. 216 15.136 - 77.650 - 41 .. 432 6.232' 
1200 lO .. ~52 46 .. 332 31 .. 464 11 .. 811 - 11 .. t02 - 380162 6.950 
noo 21.2.22 4B.020 32 .. 692 19 .. 926 - 76.538 - 34 .... 138 '>,.874 
f 400-- --2Y~4-~fi----49 :60r - --)Y~-e-,f4-- ->-- -zz:06T--:'- --f,!;~61- --= --3r,.Y6-ff - - ----l;;~1j~ 
1'500 21~ 160 51 .. oq4 34.945 24 .. 2H - 7')e37r - 78 .. 626 4,,111 

l600 2ls025 ')2s~07 35 ~'9qq Z6 e 414 - 74 .. 161 - 25 .. 526 30487 
l..10C 22.~ 292 '53eS'50 :n.o\o 28.62q - abeD? - 22 .. 364 2,,675 
laM 22 ~560 55s132 37 o '·Hn 30.8'72 - 85s 43<;t - 18 .. 632 2.262 
IqOO .22s8Z9 '56 .. 35Q 38.'916 Be 141 - 84 .. 720 - 14 .. 938 101HI zooe 23~ lbo '57 .. 537 39 .. 818 3'5.43a - 83 .. '915 - tl .. 2a'5 1 ~2l3 

Dec. 31, 1960; June 30, 1972 

SILICON: DISULfIDE (SiS 2 ) (CRYSTAL) aN :: 92.211> S2S i 

ll..J.jfO :: unknol.'Tl 

5298 .
15 

(19.2 1.0) gibbshnol 6Hfi98.1S -51.0! 5.0 kcallmol 

'fu 1363 K 6.Hm- [l.O! 1.0) kc&l/l:lol 

Heat ot forma."tion 

Rocquet and Ancey-Maret: q) deteI"mined the heat of reaction for the fOllowing: 

SiS
2

(c) '" 6HF(20\') .... HZSH'S«20lHf) .. 2H
Z
S(g), oHr299 :: -72.8:: 2.2 kcal/mol. 

A related syst:ell\ was examined by Kilday and Proscn (.!): 

Si0
2

(CI.-qudrtz) + 6HF{20.0\) .... H
l
Sir

6
«20.0\HF) ... 2H

2
0{'O, iJHr

298 
~ -32.65 ~ 0.02 kcallmol. 

Combining these two syster.19 rM.'thell'atically yields apPl"'Oxi:ndt:ely the following: 

Si0
2

(a-quart:z) '" 2H
2

S(g) .... SiS
2
(c) ... 2H

2
0(t), l .. Hr

298 
:: 40.2 ! 3.0 kcallmol. 

Using JAMAF (~.> ilnd NBS c,!P auxiliary data, 6Hf- 29S (SiS
2

, c) is equal to -51.1 ! 3.0 kcal/t'lol. In addition to the normal 

experimental error in I;)ach study, another source of" error al'ises fI"om "the saturated solution of H
2

S in the fOr"n'er work but: 

not the latter. 

Emmons and Theisen (~) llIeasured the equilibrium vapor pressul"'es for the system 1/2 SiS
2

(c) + 112 SHc) ... SiS (g) 

dnd presented graphically log PSiS ~ liT data. USlng these data, a Third Law analysis yields lIHr 298 !: 55.27 kcal/mol 

with a drift of 5.1 :!: 1.2 gibbs/mol. A Sec:o:1d Law analysis yields 1ili1'296 '" 50.09 kcal/mol. These results lead, 

respectively, to 6Hf 29S (SiS Z ' c) ::: -59.84 kcal/mol and ll.H.f 298 (SiS
2

• c) :: -1;9.53 kcal/mol, with JA!:Af (!:) auxiliary data. 

fruehan and TUl'kdogan (,?) studied the SdllIC reaction by means of a silic.a Knudsen cell-ttle.'Bs spectrometer cor..bine:tion. 

A Second 1.4101 analysis of their graphiCal data for two diffeNnt orifice sizes yields values of {lHr 299 :: 53. 711 kcal/mo1 

and 46.1.>9 kcal/mol. Again, using JANAF duxilid.ry data (.~), 6Hf
29S

(SiS
2

• c) ':: -56.83 kcal/mcl 4nd _'1'1.33 kcalh:lOl 

retipectively, or an average value of -1l9.SS kcal/mol. 

The value chosen for the heat of formation is i1Hf
29S

(SiS 2 , c) = -51.0 ! 5.0 kc-al/mol. This value is a rounded valu.e 

of the work of Racquet: and Ancey-Maret (]). Berezknoi (2:,) references five 't"eported v&lues for the heat of formation (tr.rough 

1954) and recot1mends the work of Rocquet and Ancey-Maret: (1) as the ltost accurate. Kub4schcwski, Evans, and Alcock <.~) in 

their compildtion of heats of fOI'T:lation (through 1965) also rely on the da'ta froll' Roaquc1; and Ancey-Mal'e1; (1). 

Heat Capacity and Entropy 

The heat capacity is assuwed to be given by the re.lation Cp 17,12 .... 2.9£, x lO-3 T for 2sa .s. 'T':: 13S3 K. This 

relation was suggested by Rasch (~) following procedures described by Kuba$chewski et al (~). This equation W4S 

linearly extrapolated to yield values of Cp up to 2000 K. Kubaschewski. ct: al (~) suggest 5298.15 :: 19.2 gibbs/mol. 

liel tins Data 

The 11Ielting point of SiSZ(c} was determined 'to be Th :: 1363 K by Tiede 4nd Thims,nn '1:.Q). 6Hm was estimated, based on 

the entropy of melting for Si02 (quartz and cristoOOlite). 

References 

1. P. Rocquet and Ii. r. Ancey-Mal'et, Bull. Soc. Chir.1. France~, 1038 (1954). 

2. 11, v. Kilday and E. J. Prosen, private communIcation 'to H. W. Chase, July 26, 1972. 

3. H. H. D:'1:flons ilnd L. Theisen, M01l4tsh. Chet:'. 103, 62 (1972). 

ll. JANAF TheI'll'Oche.·zlical Tables: SiS(g), 12-31-7l; Si0
2
(c), 6-30-67; H

2
S(g), 12-31-65. 

5. R. J. F:ruchan and E. T. Turkdogan, Met. Trans. 1, 895 (1971). 

6. Natl. Bur. Stand. Tech. Note 270-3, "Selected Vdlues of Chemical Thermodynamic Properties," January, 1968. 

7. A. S. Berezknoi, "Silicon and its Binary Systems ," Consultants Bureau, New York, 1960 (Russ. trans.). 

6. O. Kubd.schewsid. E. L, Evans. d.:1d C. B. Alcock, "Metallurgical Thermochemis'tr'Y," Pergamon Press, New York. 1967. 

9. R. Rasch, Glas-Dnail-Keramo-Tech. lQ, 297 (1969) • 

10. :!:. Tiede and H. Thimann, Bel' . .21, n B, 1703 (1926), 

S2S i 

c... 
:B> 
Z 
:B> 
"11'1 

..... 
:z:: 
m 
:Ia 

~ 
n 
:z:: 
m 
3: 
n 
:B> .... 
i! 
IICI1 .... 
m 
Y" 

00 

~ 

"" c: 
"1:11 
"1:11 .... 
3: m 
Z ..... 

~ ...... 
c.::P 

lpaek



Silicon Disulfide (Si5
2

) 

rLl"iQU i d) GFW _-'-----.c!.9."-2-'-, 2"--'-.:1 4'--___________ ----, 

_---gibbs/mol---_ """'-, 
T, "K Cp' S' -(G"-U"'_J/T HO-W_ MIl" &CI" Log K. 

0 
100 
ZOO ,.8 18.520 10.241 20.2.41 .000 - 49.456 - 49.'5'99 36~ J'H 

300 18.525 20.355 ZO.241 .034 - 49 .... 51 - 4'i1.bOO 36.134 
.00 lB.790 ,25.721 20.'971 1.900 - 50.2'9C' - 49.646 27.125 

500 19.070 29."il40 22.351 1.791 - 50 .81'~ - 109.1t22 21.602 

600 19.530 33.464 23.nz 5.725 - 51.161 - 49.107 17.8S7 

100 19.600 36.471 25.506 7.679 - 51.198 - 48.691 15.2010 
800 19.870 39.112 27.045 9.653 - 77.614 - ~O.S3& 13.888 
900 21.150 ,,}.468 28.519 11.653 - 17.162 - 47. '511 11.537 

1000 21.150 43.159 29.931 n.628 - 7(;.493 - 44.2:52 9.671 

1100 21.750 4'.i.832 31.284 16.003 - 1'5.839 - 41.062 8.156 
1200 21.150 47.125 32.576 18.116 - 15.197 - 31.928 6.'908 

-i~~~-- -~ -}}:~~g---. ~1-:*}~-----~1:~~~-----{-~-:-?}l---·~·-H~~~{---:=- --tf:~7~ -- ----~~~~{-
1500 210150 5l.51a :Hi~109 24.703 - 13.347 - 28.828 4~200 

1600 21.750 '53.Q82 37.183 26.818 - 7201'53 - 250817 3.535 

1100 21.150 "S.300 38&210 29.053 - 84.164 - ('2.861. 2.q39 

1800 2101'50 56.5.fi4 39.1Q4 31.228 - 83053'9 - 19.212 2.340 
1900 21 01')0 57$120 40.139 33.403 - 82.914 - 15.717 1.8C8 
20CO 21 0150 58.835 41.046 3'5.'5078 - 820;2Ql - 12.197 1.333 

Dec. Jl, 1960; June 30. 1972 

SILI;,CON DISULfIDE (5iS"2) (LIQUID) Gf't: ::: 92 .214 Sz5i 

5;98.15 [20.241) gibbs/mol t;Hf298.15 [-49.456) kc.;\lImol 

TIn 1363 K u!i.m~ [2.0! 1.0] kcal/mol 

Heat of Formatioljl 

The lIHf 298 (t) is calculated from t.H.fi98(C) by adding llHro'" and the difference between Hi363. - H;9B for SiS2 (c) and. 

SiS
2
(O. 

Heat Capacity Ilnd Entropy 

Usi.ng methods suggested by Kubaschewski, "£vans, and Alcock (]), 'the heat capacity of the liquid is assu.med to be 4 

constant 21.75 gibbs/mol from 1363 K to 1403 K. The entropy, 5
298

, was calculated in <1 manner similar to the heat of 

fO:nfl4tion. A hypothetical glass transition is assumed at 900 K. 

Melting Ddt", 

R.efcr to SiS2 (c) table. 
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Si I icon Unipositive Ion (Si+) 

(Ideal Gas) GFW • 28.0855 

----gibbs/mol---~ kcaJJmol!----~ 

T.~ 

0 
100 
200 

". 
300 
'00 
;00 

"0 roo 

"" 90u 
1000 

1100 
1200 
1300 
1'100 
I'JOQ 

t600 
t 700 
IBno 
t 900 
?OOO 

~lOO 
2200 
2300 
/400 
2500 

2600 
2700 
2600 
2900 
1000 

:noo 
3200 
J]OO 
3400 
!soo 

]600 
HOD 
'\800 
)900 
4000 

<1100 
(0200 
(1]00 
G400 
u500 

4600 
1.1100 
G8ea 
1.1900 
')000 

5100 
,200 
5JOO 
<,400 
"j~OO 

<j.600 
":1700 
.,1100 
... 900 
.,000 

Cpo So -(Go-W •• )tr H"-Ir'u. dHf" 

~. 617 39,033 

'.l.80r,; 3O.0b\! 
~.IISj 40,691 
,>.]06 41.b93 

~. 204 42.tl51 
~. t41 4J.048 
5.100 U •. D2 
:',071 44.',131 
:',0<)1 115.464 

:',0]6 II~ ,',1114 

:>.025 1I/),38? 
5.016 46,1IU 
5.010 47,151"> 
~, 004 47,SOl 

:'.000 (If .824 
4,99b 460127 
4.99) 4ti.,q1i? 
4.990 4e.6t12 
1I.9Ha lIij,9J8 

4.966 ",>,.iAl 
4,9011 49.413 
4,9t.11 119.635 
",962 11,>,,8117 
4.961 50.0'.>0 

4,980 50.21.15 
4.\H9 50.43) 
4,978 50.01 " 
4.977 ')0.769 
/I .971 50,958 

4,97'" 5}.1.21 
.. ,97e 51.279 
4,975 '->1. 4 32 
4,975 SI.~81 
4,97Q 51.725 

11,974 !:>1.6hS 
4.9711 ';2.VOl 
4.97 j 5 .... 134 
4,973 52.20) 
4.973 ';2.389 

"'.'H) 52,~n2 
4.973 52.632 
1,I.?13 ">2.749 
4,913 ">2. ~63 
101,973 52.<;75 

11,973 ';).0134 
11,973 5).191 
4,973 '>3.296 
",973 53, 39~ 
",9{1O 53.49Y 

53. ~9r 
53,6911 
53.788 
53.661 
53.973 

4,979 ~".()62 
4.980 0.; .. .151 
",91'\2 54."37 
4,96" 54,32? 
4.91'\0 '54,406 

39.033 

39.033 
39.250 
]9.66'" 

40.122 
40,570 
"'tl.9Q':) 
1I1.1l0 J 
/o1.7EU 

112. !(In 
112,4 7 :' 
42.791 
1l3.090 
lIJ.JTJ 

43.641 
113,896 
114.13\1 
114.371 
IHI.59] 

GiI,60b 
<I~.OIO 
45.20b 
Q~.J9~ 

"5.577 

1.I~.1,)3 

115,923 
116.087 
106.24' 
106.401 

116.5,->0 
116.696 
116,6)1 
46.9 74 
47.106 

47.2)8 
111.]65 
47.1169 
47.610 
47 .728 

47,843 
A7.115:' 
48,065 
48.173 
lH~. 27',1 

Ai'I,302 
4B.II~3 

I4B.582 
Q6.6~O 

4d,775 

48,1'168 
4ij.960 
49,051 
IW.139 
A9.226 

149,312 
149.396 
A9.479 
49.560 
1.!9.1'140 

.000 

.011 

.'574 
lot 12 

\.637 
:;>.1:,)11 
:;>.666 
3.\'1'5 
3.61H 

14.11\5 
A .686 
<, ,\90 
':>.692 
1,.\92 

"'.692 
7.192 
7.692 
~ .191 
~ .690 

'iI.18~ 

9.6eT 
10.1 A~ 
1°.6R) 
1\.182 

\4.t6" 
14.666 
1'30163 
I ~. 661 
1"'0156 

1"·656 
j7 0153 
17.651 
18 0148 
11'1.64'3 

19 01 111 3 
19 .640 
20.137 
20.1t)1II 

?\ o1l2 

?I,629 
220126 
U.(2) 
.,3.\21 
23.618 

2q 0115 
~(J .61 3 
25.11 0 
25.608 
2..,.\06 

2".1'10.\1 
~7 .102 
27.6()1') 
211,098 
;,11\.')96 
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29T .100 

2'H.ll1 
297 .... to4 
298.155 

29~ .">09 
299.0)7 
299.441'1 
299.111110 
300.219 

300.'585 
]00,9)9 
30\.263 
30\.61' 
301.939 

307.2~O 
290.559 
290.90fl 
291.252 
29\.')98 

291.942 
292.28.'1 
292.633 
292.97.'1 
293.324 

293 .... 68 
294.012 
29403'51 
294.1ft2 
295.047 

29'3. ]90 
29';.13'; 
296.0;9 
29".1024 
296.1'68 

205.151 
205.594 
206.0le 
20".4fIO 
Z06.9;i'! 

20' .363 
207.805 
206.2./11 
'21)8.688 
20 9 01)0 

2 0 9.572 
210.r:q 3 
21°.455-
2tO.MIS 
211.1)9 

211.T61 
212.?;!'4 
212.1'>61 
2\3.11° 
213.;''52 

:;>13.995 
:;>1 4 ,438 
214.580 
215.322 
215.763 

.Gf 

285.316 

28'5.24] 
26\.201 
271.029 

272.160 
268.,141 7 
26".01" 
2'::09.562 
255.0(16 

Log Kp 

209.1A2 

207,799 
153.6AI 
121,Oe9 

.. 99.3'53 

.. 8l.lI03 
72.125 

.. 6),030 
5'::0,745 

2'50.533 .. 
24'5.96 7 

2"1.371 
236.751 
232.1°7 .. 

49.776 
411.797 

.. AO,5T8 
36,958 
]).618 

221.4110 .. 31.0&7 
222.861 .. 28.651 
218,e70 .. 26.574 
214.658 241.7104 
210.8]0 .. <?1.0]8 

206.182 .. 21.5?O 
202.716 .. 20.138 
198.639 18.815 
194.546 .. 17.716 
190.4)7 .. 16.6U} 

186.31" 15.661 
162.178 11l.r1i6 
178.031 13.896 
1'/'3.871 13.103 
169.691 - 12.H2 

165.512 - 11.669 
161.3l 9 - 11.016 
I 5f.t 14 - 10,405 
152.89 1 - 9,828 
148.670 - 9,28) 

146.691 - 6.905 
145.061 - 6, ~68 
143.A1 9 - 6,2116 
141.764 - 7.944 
140.099 - 7,055 

138$422 - 7.lT9 
136.7)') - 7.115 
135*03e - 6.i!63 
133.HO - 6.623 
131.616 - 6,392 

129.887 - 6.171 
1215.151 - 5,959 

1'16.404 - 5,155 
1211.649 - 5,560 
122.e81 - 5,311 

121.111 5,190 
11 9 .328 - 5.015 
117.'536 . 4,347 
115.738 - 4,6154 
113.'n9 4,527 

112.11 7 - 4,3F6 
110.295 - 4,229 
106.463 - 4,087 
106.622 - 3.950 
104.175 - 3,816 

SILICON utHPOSITIVE ION (Si ~) (IDtAL GAS) GFW :: 29.0655 S i + 

Ground State Configuration tllHO 19~.63 1.0 kcal/mol 

5 298 15 39.033 0.001 gibbs/mol tlHf29B.1S 297.1!: 1.0 Ked/mol 

Electronic Levels and Quantum Weights: 

-1 

~~ ~ 
-1 

~~ 
-1 

~~ 
55309.51 79355.26 

287.32 55315.41> 81191.60 

42824.35 65500.73 812 S}. 5 a 
42932.58 76565.61 83801.21 

!j no? 9 7 79338.76 !jlIOO~. 52 

Hedt of formation 

Th<e ionization potential of Si(g) has been reported by Hoor-e (1) to bc 8.151 cV (187.962 :t 0.002 kC,ll), This 

value i~ conjunction with the equation Si(gl-e- -> Si""{g) dnd the va~\le t.Hf';(Si, g) 106.664! 1 kcal/mol (2) yields 

tHl 0{Si ,g} 294.526 ~ 1 kC<'ll/mol. 

Heat Capacity and Entropy 

The electronic levels have been tabulated. by Moore <l). Levels above 90000 c~,-+ are not: used here since they do 

not contribute to the 'thermod.ynamic func-tions.. 

.~c:fcrences 

1. C. E. Moort=., NSRDS-NBS-34, Washington, 1970. 

? JANAr Thermochemical Tables. SiC g) 3 -31- 6 7. 

3. C. r:. Moore, NSRDS-NBS-3, Section I, washington, 1970. 
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Stront i urn (Sr) 

(Reference State) GFW - 87.62 

____ gibbs/lllOl ____ teal/mol 
T, "K Cp' s· -(G"-HO_)rr K'-H"_ aHf' 

.Cov .000 [NF"INITE 1.520 .000 
100 ~.)OV 6.000 HI.OOU 1.?OO .O{)I) 

200 0.100 10.000 \3.050 .610 .000 ,., 0.393 12.500 l:i'.500 .000 ,000 

300 1).401) 11.540 U?50G .012 .000 
'00 0.790 tA,43-4 I? lSi) .1;71 .OUO 
500 ( .?Ov 15,992 13.251 1.370 ,001.) 

000 f .6C;u 17.310) I J.82J :1' .112 .oou 
100 o.lflu ta.561 111,4\4 2.903 .0VO 

'00 c./JOt· 19.692 ! 5.00~ J. T~l .000 
900 '1oUDu '9.966 1~.602 Ii.A28 0600 

6Ge Log Kp 

.DOo ,DOD 

.000 .VOO 

.0041 .000 
,000 .00(.1 

.000 .00u 

.0(10 .000 

.00(1 .000 

.000 .000 
,000 ,000 
.000 11°22 
,(lOO ,DOD 

.l_~~~ _____ .:'~~_O_[; _____ ~~:~ ~ ~ ____ !~! }_8! _______ ~: ~~~ ______ ___ ,_~o_~ ________ ! ~!!~_ . ____ ._!.~~~ 
1100 1).400 lQ.622 HI.B4? 8.552 .00ll ,UDO ,000 
1200 0.110 ... ?~.3!l3 17.526 9.392 ,000 ,aDO ,000 
1300 e1.40<.: 26.02~ 1.'1 ol~Q 10.232 ,aDO ,000 ,DOD 
IlIOC o.QOO 26.6116 tll.139 11.072 ,000 ,000 ,DOD 
I~OO 0.400 21~22f 19,286 11.912 ,000 ,000 .000 

1000 0._00 27.770 19.199 12.752 ,ODD ,aDO ,DOD 
- f? M - - - - - -.. -.-9-,f f' - - -4" 'i:~ n--- -;rO-;8-16 - - -- - ii 6 ~ 1.'6'6-- - - - - - - -;060" - - --- - -- -: cfocl- - - - -- - ~ 00 0 

11:100 ",r;o'il 48.257 22.333 46.664 .000 .000 ,000 
1900 ~.OO7 48.'!>21.1 23. '/'011 111.164 .000 ,000 ,oou 
zooo ~.Oll 46.765 24.9'52 117.666 .000 .000 ,000 

2100 :J.06~ 49.031 2!'!.O93 Ae. III .DOO .000 .000 
2200 :J.ll1 4'11.;>66 2"1'.141 4f1.680 ,DOD ,000 .000 
2300 5.173 49.496 ?8. tOb 49.194 .000 .000 .000 
2t100 ::..(''51 49.716 20.0011 49.715 .OOv .000 ,000 
2500 :J.34"" 49.934 29.836 ~O.211~ .000 .000 .000 

2000 !).46b SO.146 30.614 ~(). 785 ,ao!! .000 .000 
2700 ::'.611 o;O.3'S-~ 31.341 ~I. 339 .000 .000 .000 
2~00 ::..1'19 50 .!)62 l~ .O?4 51.906 ,000 ,000 .oou 
2900 ::'.973 SQ.768 32.660 ~2.496 .000 .000 .<.l00 
)000 0.193 ~O,9'/'5 33.,,73 53.104 .000 ,000 .000 

3100 o._~ 1 510182 )J,etll:l 5). r J";. .ouo ,000 .uoo 
)200 c, 71~ 51.)90 .la .39) ~4. 3<,13 ,oou ,000 ,000 
3300 1.015 51.602 34,911 '5'5.079 ,000 .coo .000 
~HIOO (.339 <;1.616 35.405 5'5.797 .001) .000 ,000 
j~OO 7,667 '52.033 3'S.817 56.'50<06 .000 ,000 ,000 

)t>OO o.OS~ 52.255 36.32'" 57.335 ,000 .000 ,ooe 
3700 o.lI~ 1 SOl,4B! 36.7~Z Sa.IS9 .000 .000 ,000 
)tlOU c, B~3 "2.711 37.17!O' 59.023 ,000 ,000 ,000 
)900 y.?Sb 52.946 37,580 59,928 .000 ,000 ,()O(; 

4000 9,670 53.166 )7 ,967 60 e l:1r5 .000 ,000 ,aDO 

4100 1 ..... 100 ~i3. to 30 36,3&1 61."l64 ,000 ,000 ,000 
4Z00 lu.5)5 '53.61\1 38.704 62. ~96 .000 .000 ,vOIl 
11)00 Iv~9t12 53.9)2 39.0S~ eo 3 ~ 9 71 .00r.! ,000 .000 
.\!oIIOO 11.36) 540189 39.)96 65.066 .00(.: ,000 .000 
"1'500 11.79b 5A.449 39.728 66c2H ,000 ,000 .000 

&000 1£.190 54.713 1I0.0~U 67.447 .000 .000 ,000 
43700 I" ,~82 54.979 .Qf). )65- 6e.6b6 .000 .O(l{) ,000 
4800 1.£.9'52 55.24t\ .QO,672 69 5 963 .000 .000 ,000 
4900 1..,,10;,> 5'),~19 .110.973 71.21'6 .000 .000 .000 
'S000 1;.631 '55.791 'It .266 72.622 ,000 .000 .000 

5100 1".\1)7 ')6,064 41.554 7 •• 001 .noo .00(1 .000 
';2uO 14.2?1 56.3)7 4t .6J~ 75.409 ,000 .0°0 .000 
5300 1". ~tlu 56.611 42. III 76 ~ 8.11A ,aDo ,000 ,uoo 
';t"QO 1" ~ 11 b 56,tlall .tI2. ]e3 78.30. ,000 .000 .000 
5500 1,>.9,7 57.156 .tI2 , t>IoIY 79.761 .000 .000 .000 

'5600 1';).11 " 51,426 42,"'10 tll.2!i9 ,{IOU ,000 ,llOO 
5700 1~.?7~ ')7 .69~ 43.167 R2.809 .000 ,000 ,000 
0;600 1:>.42u 57.962 43,1120 tU.J4.t1 .oou .UO{l ,000 
S900 1::'.539 56.221 113,6611 6,).892 .1)00 .000 ,000 
6000 ~::., .63" 58.1iI'H1 113.914 87&451 .oou ,000 ,000 

Dec. 31, 1970 

STRONTIUM (Sr) ou::n:.'{ENCE STATE) 

to 82S e K Crystal alpha 

828 to lO41 5 K crystal ganu:ta 

101<1 to lS54.13"K Liquid 

155" ,13 to 6000 5 i< Ideal Monatomic Gas 

GN ,. 87.52 Sr 
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Strontium, Alpha-Gamma (Sr) 

(Crystal) GFW - 87.62 

--------gIbbol .... --- kcalimol 
T. 'I<. Cp' S' -(G'-II"_)fT ""'-It'_ AUf" AGr Los Kp 

0 .Oou .000 fNf"lNITE t ,'l20 .000 .000 IhlF"INI1£ 
100 1;).300 6.000 ttl.OOQ - t .200 .000 ,000 ,000 
200 tl.1CI\,) to.ODO 13.0'50 .610 .000 ,001) ,000 ,,. 

0.39) 12.500 12.'500 .000 .000 .000 .tlOO 

JOO 0.400 12.S41) 12.500 .012 ,000 .000 .000 
'00 0.79(; 14.4)4 l;j1.7')6 .611 .000 .000 .000 
'00 7.20u lS.992 l3,2')1 1.310 .oou ,000 ,000 ... f ,6'50 17.343 0 • .523 2.! 12 .00') .000 ,aDO 
roo 0,1'10 18.561 14,-'\4 (1.903 ,1'100 ,000 ,000 
'00 °1 800 19.692 t~. 004 3.751 .000 ,000 ,000 , .. '1,000 20.966 15,602 11,826 ,000 ,000 ,000 

1000 '1,00(\ 21.9l'5 16.167 5.1'28 ,000 .000 ,000 
.--------- ______ • __________________ • __________ u •• ___________________________________ 

1100 .... 000 22.712 16.'1'47 6.628 1.92/8 .111 · .022 
1200 "'.000 23.5'!!b 17.262 '1'.'526 1.664 .293 .05J 
1]00 -;.000 24.276 17. Hll 6./828 1.804 .470 · .079 
1400 11,000 24,9.] 1!~. 260 9.326 1,744 .64] · .100 
1500 "',0('10 25,564 tpJ.7115 10,22S 1,684 .811 .IlS 

Dec. 31, 1970 

STRCNTIl,JM, ALPHA-GAMMA (51') ( CRYSTAL) GF'W :: 87.52 Sr 

l!.Hf'; ::: 0 kce.l/lI'IOl 

Si99.15 [11.5 t 0.5) gibbs/mol lI.Hfi9S, 15 0 kc41/:nol 

T'i: :: 828 lS~K (a......,..) '6Ht- :: 0.18 :!: 0.08 kcal/mol 

Tm :: 10'+1 t 3-K l'.HmO [1.96) keal/mol 

uHs29B.lS 39.2.!: 0,4 kc"l/mol 

Eea't. of Fot'mation 

ZeI'o by definition. 

Heat Capl!lci tv and Entropy 

Roberts (]) lOOdSured Cpe in the range 1.5 to 20·K and Gldscock <.V obtained values of 6.0 to 6.8 gibbs/mol 

(a.verage 6.5) from seven rrte",surcments at ro~m temperature. We e5tilll~te the heat capacity and enthAlpy up to 29a e K 

by comparing Roberts' 14'ttiec and electI'Onic contr-ibutions for Ca, Sr and Ea with the. observed data for Ca and Sa. 

We adopt the estimated entropy of 12.5 ~ 0.5 gibbs/mol from Kelley (1). OUr' estim4tecl Cp- values would be more 

consistent with an entropy of about: 12.5, but the unceI'tainties in this estimate dre too large to warrant the change, 

Gurvich et al. {~) estimated 12.7 ! 0.3 gibbs/mol. 

Cp· of the a-phase above 29S-K is estimated by comparison with Hg (~J, Ca (f, 1) and Sa (2.). Cp· of the y-phase 

is assumed to be 9.0 gibbs/mol based on the high-te:nperatl.!l'"e forms of Cd a.."ld Ea. 

Transi tion D4ta 

Xing a...d coworkers (!-,!1> reported thI'ee allotropic forms -- a(tec) , fI(hep) .and "((bee) -- with f)-phase 

being stable fran about 230 to 620~C. Peterson a.nd Colburn <l,;!) found a ... ~ o.'!lt about 240QC in '" sample c::or.'taining 

3.27 mole \ SrH 2 , but: they found no evidence of "tra.'lsition up t:o 286'C in a sample containing only 0.4 mole \ SrP. 2 , 

The la.tter sample transformed, presum.s.bly to r-Sr, at SS7 c C on heating and I'E!verted at about 540'C on cooling, 

Peterson and Colbut'n concluded that the a-~ transition is not well established and additional study on very pure 

51:' is ne.eded. 

We assume that ~-Sr is st&b1ized by impurities, by M1410gy wit:h Ca, /U1d ",dop't SS5"C for a ... y in pure Sr (11). 

An apPr<l:<imate value of tlHt- :: 0.18 kCo.'!ll/mol is calcuL~ted from l!.V " -0.09 cm3'mol .and dT/dP ::- -lO·C/khar based on 

dilatometry (~) Mid high pressure data (.!.?, 11). 

Melting Da.ta 

See Sr( t) for- deto.'!lils. 

Sublimation Data 

See sd g) for details. 

References 

1. 

2. 

3. 

L. M. 

B. L. 

K. K. 

RobeI't:9, P!'oc. Phys. Soc. (London) B70, 738 (1957). 

Glascock, J. A.mer. Chern. Soc. n. 1222 (1910>

Kelley, U. S. Bur. Mines Bull. 592, 1961. 

4. L. V. Gur-vich et al •• "Therrnodyna'"llic Properties of Individual Substances," Vol. I, chap. 27, Moscow, 1952; English 

translation, AD6596S9, March, 1967 • 

5. R. A. XcD:mil1d, J. Chern. Eng. Data.]d. 131 (l967). 

6. R. Hultgren, R. L. Orr a."1d K. K. Kelley, "Supplement to Ther'lTloclynamic Pt'Operties of Meta.ls and Alloys," Univ. Calif., 

Bet"k.el.ey, Jan., 19S5. 

7. JANAF Thormochem.ic41 Tables, The Dow Chemical Company, MidL,\nd, Michigan; Ca, Dec. 31, 1968; Ba, Dec. 31, 1970 • 

8. E. A. Sheldon and A. J. King, Acta. Crystallogr-. ~, 100 (1953), 

9. R. G. Hit'St, A. J. King and F. A. Kanda, J. Phys. Chern • .§Q, 302 (1956). 

10. J. C. Schot:tmiller, A. J. King and r. A. Kanda., J. Phys. Chern. g, 114-46 (1958). 

11. F. E. Wang, F. A. Kanda and A. J. King, J. Phys. Chem. £.§., 2138 (lSS:(). 

12. w. O. Roberts, Dissertation Abstracts IE. (11) I 6218' (1965). 

13. D. T. Peterson and R. P. Colburn, J. Phys. Chern. 1.9., 14.68 (1966). 

14. E. Rinck, Compt. Rand. ~, 94S (1952), 

15. A. Ja.yaraman, W. Klement and G. C. Kennedy, Phys. Rev. 132, 1620 (1953). 

16, D. B. McWhan a.'1d A. Jayardl!!an, Appl. Phys. Letter's!! (8), 129 (1963). 

Sr 

c... 
J> 
Z 
J> 
"'I'll 

.... ::c 
m 

~ 
n ::c 
m 
~ 
n 
J> ... 
i! 
I:IIiI ... 
m 
.!I' -
~ 
(,It 

C 
." 
." .
m 
3:: 
In 
Z .... 

.j:o, 

...... 

...... 

lpaek



Stront i urn (Sr) 

(L i qu i d) GFW - 87.62 

~---glb"'I ... I----
T,~ Cp' S' -(G"'-H<>at>{f H~-WJM 

0 
IOU 
200 
:£98 o. ~ Ou 13.656 13.656 .000 

JOO .::s.4'H,) 13. P08 13.656 .u16 
400 ti.IIOU t 6 .12~ 13.986 .~56 
,ao 0,400 17.999 111.606 1.696 

600 0.40Q \9.:>31 15. 30~ 2.5)6 
TOO 0.400 20,826 16.003 3.376 
.00 Cl.IIOO 21.9117 iO.o?/; 0,.2l1'! 
000 c,lIOu n.9)7 ll.l\9 '5,0':>6 

katIImol 

"lit' ll.Gf' 

1.81' 1,472 

t.820 1,1170 
~ .00 \ 1.325 
2.1Ii12 1.139 

1.240 • \l2~ 
7.'-69 .104 
2.26\ .>178 
~.O44 ,:lT1 

1(100 b.IIQU 2).822 tT.926 S.691) 1.9tj'l ,077 

-
-
-
-

--------------------------~-- ---------------- -----------.------------
1100 o ~ 1100 24.622 tb.499 6,736 .000 .000 
1200 0.400 25.3'5) t ~ .0,,"0 7.576 ,000 ,000 
1300 o ~ /I 00 26.02S t 9,552 "'.1116 .000 .OO{l 
1,o0 10 •• 00 26.646 20,037 9.256 ,000 .000 
1':100 tI.4Qu 21.227 20 • .(197 10.096 .000 ,DOD 

.... K. 

1.079 

i ,071 
.724 
.498 

,He 
.220 
.1.30 
.066 
.017 

.000 

.000 

.000 

.000 
,000 

}~§g- ----~~-:-~-~-----H ~~ ~g- ---~~-:-~-~-~- -----} ~: H~-- -:s-- -ii:·~-~~--- -- - --:~~~---.. - - ---:-f1~ 
l~OO 1:1.'00 ?13.7'!o9 21.75U 12.616 32.2)2 2.66'i ,HI! 
t90() ~.AOu 29.213 22.131 13.456 31.692 4.806.. .~S3 
2000 o.,HH.I 29,ou :72.496 1 •• 29(," ]1.<;,)4 6.721'l" ,'35 

2100 0.401; 30,051l; ?2.e.6 15.l )6 Jl. 21 'l1 R.63/1 .1:199 
2200 0.1100 ]0,4111,:) 23.tBl 1'5,971'1 )(} .R6~ 10.'.:12) - 1.045 
2300 e,400 30,810 ,3,507 16.a16 3O.5b2 12.]99 - l,t76 
2'100 0.400 31.176 ?l.81 'I 17.656 )0.211] )4.259 - 1.298 
2~OO 0.400 3J.5HI 24.)20 16.496 . 29.9J3 160107 l,lIOe 

2600 0.40(; 31.84ij 211; .lIlI 19.3J6 7 9 .63j 17.94) l,50B 
2700 0.1100 32.16" I'll .692 20.t 76 - 29 ,34r 19.768 1.600 
2500 o./H)O 32,470 24.965 2t ,016 - :;>9,076 21,')8? . 1.66') 
2900 00,400 32.765 2~.n\l 21.8S6 28.82<1 23 • .H'J6 1.76" 
JOOO d."(]!J 31.050 ;:o5.QaS 22.696 - 26,')92 25.H!3 . 1.~J5 

Dec. 31, 1970 

STRONTIUM (Sr) ( LIQUID) GFW ':: 87,.62 Sr 

Si98.15 :: t13.656J gibbs/mol i1Hf298.1S ':: (1.811) kcal/rn.o1 

Tm :: lOll-I 3~K flHm 8 (1.96 0.3) kcd/mol 

TO ::; [1654.13]-K ilH,,· [32.730] ked/mol 

HO::d"t of Formation 

The heat" of formation is ob"tained from that of the crystal by adding lIHm· and the difference bet"wecn Him-H2SS.IS for 

crystal and liquid. 

Heat Capacity d,'1d Entropy 

Cp- of the liquid is assumed to be 8.4 gibbs/mol by cOIf.parison \.lith Mg (];.) a..,d Ea (1). S298 is obtained in a manner 

ana.logous to that of the heat: of formation. 

Hl!l ting Data 

'rhe melt"lng point was dete:rll",ine.d as lOql (1, !±.). 1042 :!: 1 (.?-]). 1043 (~) and l047~K (1-1J). We adopt 1041 :!: 3°K 

based on Peterson and Colburn <.~). Their st"udy of the Sr-SrH
2 

syst"em emphasized that: H impurity raises Tln, so t:hdt the 

highest observed melting point is not t:he !:lost" likely when H is d. likely impurity. The adopted value is confirmed by the 

Nicerrt result of D.Jorkin et al. (2.). ilHrn o is es1:irnated by comparison vlth those of HZ (1), Ca (1.) 4nd Bet (1). Discrepan

cies in the data. for Ba (~) suggest "tha"t the estim.ate foT' Sr I:"ldy be too 10 .... by about 0.2 kcal/rnol. 

'y"'<!pgrJ.?-'~J:ion Data 

Th is c<'!.lculated as the t"er:1perdt"ure at" which aGr- ::; 0 for Sr(l) .... Sr{g). llHv~ is the difference between llHfa(g) and 

<'lHC(t} at Tb. Bohdansky and Schlns (]".1) repor"ted Th ::: 15119-)(, which become.s 1651-K on the IPTS-S8 scale. 
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JA.."IAf The1""'ooCheDlical Tables, The Dow Chemical Company, Midland, Michigan; Ba, Dec. 31, 1970; Ca, Dec. 31, 1968. 
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E. A. Sheldon and A. J. King, Ac"ta Crystallogr • .§., 100 (1953). 
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F. A. Wang, r. A. Kanda and A. J. King. J. Phys. Chern. 2£, 2l3a (962). 

J. C. Shott:miller, A •• T. King and F. A. Kanda, J. Phys. Chcm. g, 141<6 (l958), 
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Strontium (Sr) 

( ! dea I Gas) GFW - 87.62 

----glbbs/mol-----_ Itcal/mol----_ 
T, "K 

o 
100 
200 
?96 

300 
400 

50" 

600 
lOu 
000 
900 

1000 

11 O{'l 

10()O 
-ffoo-
1800 
1900 
2000 

2100 
noo 
2300 
2£1tlQ 
2500 

2600 
2700 
21:;00 
2900 
31)0(1 

3100 
320Q 
3)00 
3400 
3500 

)60(; 

3700 
3800 
)900 
4000 

11100 
<I?DC 
4)oe 
4400 
11500 

AbOC; 
HOC 
4600 
4901) 
')000 

'5100 
5200 
'BOO 
54100 
')50U 

5600 
'HOO 
SBOO 
'5900 
6000 

Cp~ so -(GO-H"_,l{f UC-HO... I1H!" &oGr' L.og Kp 

.001.1 
... 91'>b 
1I..96t! 
"',9f>.e 

'1.9613 
<I.96k 
'1.960 

4.9('0 

4.96t1 
4,961:; 
1I,96'r 
"'.911 

.000 
33,!.i96 
.H .340 
39.J:?) 

39.3':>10 
40,78) 
41.692 

42.79' 
43.563 
410.227 
U,612 
A5,33:' 

45,809 
46.241 
0.6,b]9 
Q.7 ,007 
Ill.350 

rNrINln 
43.140 
]9,778 
39.323 

40.291:1 
40,711 
111.110 
AI.49(1 
41.61.16 

1,46! 
.964 
./1138 
,000 

.009 

.506 
1.003 

1,500 
1. 99 6 
... 109) 
2.990 
3.41)7 

3.9811 
1I.1l60 
4.977 
5.474 
5.971 

___ :!.I!!!_4 ____ V_'l..ti~l ____ = ).t~:l~ _______ ~,-i~~ 
".91'1 I 47.97'2 jj 3. e7~ 6.906 
4,991 APo,257 U.IIO 7.&16&1 
:J.on7 46.5215 114.336 1.0011 
7>,031 48. 78~ 411 .552 !'I.466 

~. 06~ 
:,.t 11 
~,! 73 
:>.;>0;;1 
::'.31.19 

:',tit'>b 
:'.611 
':>.779 
::'.973 
1:1,103 

0,1141 
6.71::' 
f,Ol::' 
f,3J'Y 
f.6f'.! 

o,v">5 
0.10_1 
0, ~4.3 

'oI.2'.:>e. 
'F.67t> 

Iv.10e. 
lu.53'.:> 
Iv.962 
11 

1l'.I 0 6 
lc.5"'i! 
li.9'5:.' 
l~. 3(i~ 

lJ.631 

IJ.937 
tll,??l 
111.1I1\(,J 

1", ne. 
110,977 

119,031 
1:19,266 
'19,'196 
'I9.1IB 
'19,934 

5001116 
50,3~5 

50.562 
')0,168 
"i0.97~ 

')1,162 
'51.390 
51.602 
'51.616 
'52,033 

5<.255 
5<.'181 
5<. r II 
5;(1.946 
'5).16{> 

53. li ]O 
5).679 
")).932 
54.169 
')4.'H,9 

54.713 
510,979 
'5'::l,24t\ 
5S.519 
55.79 ! 

56.06'1 
56.337 
56.611 
Sl.l.6f\4 
57.1':)6 

57.426 
'))'.695 

51.962 
5S.U7 
o;a.1i89 

lifI.7S9 
/lIl,QS'1 
45.151 
4~. 337 
.0.5.';)$ 

'I~. 690 
1I!l.fl59 
46 .0211 
~ 6,18 Ii 
116,311u 

'16 ... 93 
46.611) 
116.790 
46.9)4 
47,01' 

47,?18 
liT .351 
_ 7. Q9~ 

47 .l.l31 
H.76' 

47 .... 02 
AA,OJr 
118,I1i 
'HI.10~ 
46,439 

A8.572 
116, r06 
Ijfl.e3¥ 
1I!.I.973 
49.106 

<:19.2<:10 
49,)1/1 
49.508 
119,642 
119,770 

£19,910 
50,044 
50.17'0' 
50.313 
<;O,4117 

13, ... 71 
9,"!lO 
9.99111 

10.51'5 
11.045 

11."'>5'5 
12.139 
12.708 
13.296 
13 ,904 

1_,53'5 
1'5.193 
15 .~T9 
16.597 
17.348 

IH.13S 
18,959 
19,6"3 
20.728 
2\ ,675 

22.664 
0'3.696 
2ta. rr I 
25 , fI.tI8 
27 ,04T 

2A,2·1i' 
29 .1Ie~ 
30,70) 
37.076 
33,422 

34,ROI 
)",209 
37 .6411 
)9.10£1 
loO.'567 

1I2.069 
1I).609 
lIS.i411 
1I6.692 
1I8 .2~1 

Dec. 31, 1970 

39,239 
)9,'1'" 
39. )22 
39.200 

)9.! 97 
39,035 
38.833 

)8.586 
3;;.293 
37,9"2 
)7 0362 
3t>.9SIl 

311 .~3? 
).tl.?6/j 

D.'HS 
D.1'I02 
3].259 

39.239 illl(J"'jT£. 
)e..626 ... 50,Olit. 
33.6S4 ... 36.994 
31.203 ... n.67? 

310153 ... 
25.119'5 .. 
25.683 .. 

23.315 
20.792 
16.315 
15.901 
13,5)1'1 

1I.3?f> 
9.n3 ... 
7011i5 ... 
S,100 
J.076 

e.49) 
6."9;;> 
5,00) 
3,H61 
2.9!)9 

2.250 
t .680 
1.202 

.79(, 

.1.I4b 

37.916 1.015" ,147 
-.-0-0-0---------:600--------,-0-0-0-

.000 .000 ,000 

.000 .000 .000 

.OOQ ,DOD ,000 

.UOt! 

.000 

.000 

.000 

.000 

.000 
.001.1 
.000 
.000 
,000 

.000 
,OOQ 
,000 
,(\00 
,000 

,000 
,avo 
.000 
,00(1 
,000 

.00(1 

.000 

.000 

.000 

.00(1 

.00v 
,000 
.000 
,DOD 
,DOD 

,OOu 
,000 
.000 
.000 
,OOLI 

.000 
,000 
.000 
.000 
,000 

.000 

.000 
,000 
,000 
.000 

.000 

.000 
,000 
.000 
.00('1 

,000 
.000 
.000 
.Oon 
,OOQ 

.000 

.00(1 
,000 
.000 
.0(10 

.aoo 

.000 

.ooc. 
,000 
,000 

,000 
,coo 
.000 
.000 
.000 

.00(1 

.000 
,000 
,000 
,One 

.000 

.00(\ 
,coo 
,000 
.000 

.000 
,DOD 
,000 
,000 
,DOD 

,000 
,000 
,000 
,000 
,000 

,000 
,lIOO 
,000 
,000 
.000 

.000 

.000 
,DOO 
,000 
,aDo 

.(100 
,uoo 
,DOD 
,000 
.000 

,DOD 
,000 
,000 
.lIOO 
.000 

.000 
,uoo 
.000 
,000 
.000 

,1)00 
,000 
.000 
,000 
,GOO 

STRONTIUM CSt') (IpEAL GAS) GFW 87.62 Sr 
Ground State Configuration IS IlHfO :: 39.214 t 0.4 kcal/lr.ol 

S;98.15 = 39.323 gibbs/mol toHf29S.15 39.2 0.4 kcal/mol 

-1 
~~ 

14317.5 

14504.3 

14896.6 

1.8159 

12219 

l8319 

20150 

Heat of formation 

Electronic Levels t'!.nd Quantum Weight"~ 

ti' cm-
l ~ (,i' cm-

1 !i ~=~~~ ~~ 
21698 

29039 

30592 

33587 

3396B 

31.1951< 

35530 

36~41 

" 12 

20 

l5 

3699l! 

J734f., 

3800B 

3 84 ~ to 

38753 

39308 

39662 

toOaJ~ 

12 

21 

12 

21 

41172 

41404 

51090 

55223 

49':'47 

54729 

49411 

53546 

28 

J 

is 

-1 
~~ 

56170 

49569 21 

(51<000) 4B 

[53000] 93 

(56000) 93 

[500001 12 

(25000) 20 

(41000) 20 

-l 
~~ 
( ~9COO] 20 

( 54000] 20 

[!lODOO) 21 

r 50000 J 100 

(55000) 100 

The hea't of formation is the hea.t of sublin:ation, 39.2 ': 0.4 kca1/mol, selected from third-law analyses of pressure data 

tabulated below. The adopted value comes mainly from 'the recent boiling-point study of Bohdll.nsky ilnd Schins U). It is confirmed 

by ,the early datd of Ha.rtmann and Schneider (1.) and by the Knudsen-cffusion-:nass-spectrol:'",etric study of Boerboom e"t al. (~). Data 

of Ruff and Hartmann .(l.) are readily dismissed due to the large entropy discrepancy. 

Source 

(1) Bohdansky (1967) 

(~.> Hdl'tlM.nn (919) 

'l'> Ruff (1924) 

(~) Boerboom (1964) 

(E.) Priselkov (1954) 

Method 

Boiling Point 

Boiling Point 

Boiling Point 

Effusion-Hass Spec. 

Effusion 

.I<.amge
a 

~ 
121B-19B2 

1200-1380 

1218-1Eol2 

772-·923 

673-873 

~;9S' kcal/mol 

:: nd Law .2.!'.Q __ t..~~ __ 
40.1.!O.to 

40.0!:0.6 

77 .!to 

36.4 

35.hO.S 

39.16!:Q,45 

39.46"tO.lI! 

.;16. 0 ~5 

39.0ll.:!;0.39 

36.65:!:O.57 

dTemperdtures are adjusted to 1'pTS_68 by assuming pUbliShed value.s to be IPT$-'+8. 

boSS:: 6Sris80nd law) - !lSr-·(Jra 1 .... w). 

Heat CApacity and E.ntropy 

Entropy Test b 

6S. gibbs/mol 

0.6=:0.3 

O. ~.!O. 4 

2 9 ~ 3 

-3,1 

-3.8=0.5 

Observed er:ergy levels .and quantulll. weights ar-e from Moore '.§) as modified by Garton et al. (2 • .2.), Energies of unobserved 

but pI"'ediC"ted terms (!!) are es"tirnated by comparison of Ct'!. I. Sr I. Sa r and their isolectronic ions. The most important energies 

al'e. for terms of the 4d5s' configuratioa which <H't' estim&ted at 25000 t 10000 cm- 1 • We a.dopt: an energy-level cutoff which is 

about kTrr.ax (Tmax = 6000·K) be:i..ow each series limit. FoI' Sr I this corresponds to omitting levels above 5s, 7p, tid and Sf. Levels 

above 30000 cm-
1 

are averaged. The adopted functions are essentially iden"tical with earlier "tables up to 3000"K; however, the 

tlntr·opies!'l.t 6000&K differ as follows: Hilsenrath et al. (1), 57.99; JA.~Ar, 56.49; Gurvich ct 031. (!Q), 58.60 gibbs/mol. These 

differences arise from diffeT'ent: methods of cutoff and different degrees of accounting for the unobserved terITl3. 
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7. W. R. S. Gar-ton and K. Codling, J. Phys. B 1,., 106 (1968). 
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Zirconium Unipositive Ion lZr+) 

( I dea I Gas) GFW - 91.21945 

----glbbs/mol---_ Itcai/mol 
T. 'K CpO so -(GO-Wa.)rr K'-H~_ 4Hf' &GI" 

,.8 , .. 
2" 6.760 43.86. ").8611 • 000 30}' .60 • 29 '5.1816 

". 6, 76 1 4).906 A3. 6 6" .013 ].01.61'5 2 95.l'U 
.0. 6.7'59 45.651'1 U.'30 .690 ],08.166 291.702 
,00 6.669 17 ,35J 011.63 0 I ~ 361 loe .M9) 28f .525 

6.0 6.'5 7 6 48.56 1 4C),1 8e 'Z.o~n ]09.1 64 28 3.247 
,.0 6.~17 49.569 1"i.7-.11 :t'.6'1'1!i ]09.609 218.891 
0.0 6 ... 98 '50.4]8 4~. 216 l~ 328 ]10.(2) 2711 •• 1'5, 
0.0 b.50 e 5t .204 46.783 ]~97e !I! 0 .408 270.coe 

1000 6.535 51. 89 1 .7,260 '.630 310.168 265,500 

1100 6,568 52.515 • ., .71 0 5.26'5 ]I t. t03 260.951 
1200 6, 60 1 53,088 4~ .05 'S.'H. 31°.562 256 •. '35 
IlOO 6,6l0 53.61 7 41'1,53 6 6.605 311. 0 26 251. 906 
i"OO 6.6'52 54.11° .!IA/lt 7 ., .270 3, 1.48) 2"".liIt 
1500 6,666 5A ,~69 09 .2 79 1 ~;o 36 311.9]0 21 2.745 

1600 6.61 A 55.000 49.623 8 ~60) H2.l65 238.1t1 
1700 6.676 55.10" 4t;1.9'H 9.270 l! 2.791 233."6' 
j600 6,673 'S5.7U '5°.265 9. 9 )08 H].2'06 22>5.785 
1900 6.66~ 56. ,.6 30.'$65 1.0.605 !lU.609 22,.°8. 
2000 6,6'35 56.466 50.S5] 11.21 1 !lIA.OOO 21 9 ,362 

21°0 6, 64 2 56.!!I12 5t .129 It .9]5 31 I ,]T1 21" ,620 
2200 6.618 51.UI "51 .394 1<,.599 309.711 210.0]l! 
2]00 6.61. 57. _15 31·6~O 13·26, liO,,00 2°5.499 
2400 6.599 '37.691 51.896 13. 9 22 31 0 ,&56 200.94) 
2500 6,585 '37.966 52.133 111.56, . Ho.6!," 196.373 

2600 6,5 7 1 '8.22 11 '5:(1,363 15.2]9 31t ,168 19 1. 788 
2700 6,5~e 5&.111 S2.5~. 1'3,895 !11,'321 161.190 
2800 1I).'!i1l6 58.710 ~?799 16 .5'lo0 Hl,813 162.519 
2900 6.536 58.9]9 5].001 11.20 • 312.224 117 • 9 55 
3000 11).5,6 59.1 6 1 53.20 8 17 ,858 lf2'.5 7' 173.319 

31 00 6.51 7 '59.]7111 '53. 110 • 18.5t O 312. 9 23 168.671 
3200 6.509 59.M I 5].'59) 19.161 ltl.2'1't IU.012 
BOO 6.502 59.781 '5].778 19.811 313.618 159.lII] 
)AOO 6.,,96 59.97'5 '5].9'57 20.461 H].965 154.663 
]500 6.490 60.1 64 5 •• il2 21.11 t HI.312 1119.972 

]600 6, ,,8e 60.346 !ie.30 2 21. 1 59 31 4 .&56 l a5.2'1'2 
)700 6,1IP.l2 60.52. '5 .... 68 22. 408 315.002 t40.561 
]&00 6.·79 60.691 5 •• 6C''iI 23.056 315. !41 135.8&] 
]900 6,4 1 6 60.&65 5' .781 23. 704 3t5,692- ilt,tt5 
4000 6.41111 61.029 5 •• 941 24 .3~1 316.035 126.376 

4100 6.4 1 2 61.159 S,5.092 2_ .998 316.319 121.631 
.2°0 6.,H1 6l.]IS '5 Ii ,2)9 25. IU6 :H6.724 1 t6.871!1 
4)00 6. 41 1 61. 497 '50;.362 26.20 ) ltV.oM 112.115 
uOO 6,.010 6t .646 '55.'5 2 J 26.9.0 31'1'.d2 10'1'. :U5 
.Soo 6. 41 1 61. 79 1 ';5.661 2'1'.~IH 31 7 ,753 10 2.566 

4600 6. 41 1 61.933 55,19 6 28 .234 3t 8 • 099 97@7SO 
.1100 6.,7:1' 62. ( 7) 55,928 28.MI He,U] 92.gefl 
111600 6.&14 62.209 56.057 29.5115 177.610 M.HO 
,,900 6 •• 76 62.3&2 56.te. 30.1 1 6 ,17.671 e7@019 
5000 6 ... 76 62.413 56. )09 ]O.A" 178.10111 6'50162 

5100. 6."81 62,602 5 6 ,431 31. 4 71 US.HII 83.]00 
5200 6.48 ' 62 ~ 1 2' 51, .551 ]2.U'O 11'8.56 1 61,435 
5300 6.'''& 62. 8 5) 1)6,668 3:1'.768 1r6,15) 79 .'56'5 
5400 6.40 j? 62.91 2 5~ .784 H •• t 7 119 .002 17.691 
5~OO 6.496 63. 09 1 '5f'i .8U 14 ,066 11Q .'216 75.812 

5600 6.50 1 63.209 '51,009 3a.71 6 179."30 1'3.9 3\ 
5100 6.506 63. ]?4 '5 7 '11 9 3'!1.]61 179 .61111 72. 0 4, 
5600 6.5t2 6).43 1 '5 7 .221 )6.01 8 11Q .8'50 10 .156 
5900 6.'H6 6l.5 4 8 '5 7 .333 )6,669 leO.C'S7 68.26) 
6000 6 ,5~4 63.658 '5 7 ,438 )1.321 lS0 .261 66.365 

Dec. 31, 1967; Dec. 31, 1910 

Log "'. 

.. 216.&:HI 

... 215~'.7 

.. 159~lT8 

.. US.6ro 

.. 10 3.1 7 2 

· 8r.On 
H o 9!,! 
65.'567 

· 56.025 

· 5t.UT · 46. 70 3 · &2~ )&9 

· :Ie .612 

· 35@)68 

· 32.'52'5 · )O.Ot· 
27.778 

· U.7l''5 · 23.971 

· 22.336 

· 20.&65 
19 .521 
18.298 · t1.161 

160121 - 15.152 · U.25t 
13"11 · U.626 

· It.691 · 11.201 - to.55! 

· 9.9&2 · 9.365 

· e.al9 
8.363 
7.Ul - ., .341 

· 6.905 

· e.4iU · 6.062 

· 5.698 
5.332 · •• 96 1 

· 4.U6 

· ','2. · 1,046 

· 3.1581 · 3~ 722 

· '.'510 
3.423 

· 3.28 t - 5.t .. · l.O:1.2 

· 2.1885 
2.162 · 2.64. · ~.'!29 · 2*417 

ZIRCONIUM UNIPOS!TIVE ION (Zr"', (IDEAL GAS) GfW :: 91.21945 

Ground State Configura'tion ~F3/2 ll.J;if'; = 305.7 4 kcal/mo1 

S298.15 43.864 0.01 gibbs/mol t.Hfi98.15 307.6 l; kcalJm.ol 

Electronic Levels i!l.!\d Quantum Weight~ 

Mea t of rormation 

-1 

~!i 

914,67 

763.41> 

1322.91 10 

2572.21 

2895.05 

3299.64 

3757.£5 10 

42141;'30 

4505.50 

5724. J8 

6111. 70 

5752.92 

6467.61 

7512.67 

-1 
~ !i 

7736.02 

8058.16 

9968.65 

11994.46 

12359.66 

13428.50 

14162.90 

14059.7£ 

14190.l<S 

142913.6'1 

11.!733.31 

1761l< .00 

19396.54 

191f.9S.3$ 

20080.30 

10 

11 

10 

16 

27931. 61 26 

-1 
~~ 
30405.2S 54 

31981.00 40 

34607.:n 36 

37180.17 38 

38077.59 40 

40045.!Il 26 

1+1556.75 SO 

1./.31di9.tt5 36 

l<9607.7l< 30 

SS9Q6.Sl< 30 

65207.02 42 

71059.87 42 

76599.79 60 

78870.98 56 

85390.55 58 

Zr+ 

The heal; of formation is calcula.ted from the reaction Zr(g) - e-Cg) = Z!'+{g) with the JNJAF auxiliary value for Zr(g) 

and an ionization potential = 6.84 eV, or 157.665 kcal/mol, obtained from Moore (1). 

Bea t Capacity oUld En tropv 

The electronic levels 8Jld quant:'Um weights are taken frolJ'. Hoo~ (1). The electronic levels above 19000 cm- 1 are averaged. 

The H' - H2S8 value at" O'"K is -1.786 kcal/mol. 

~ 
1. C.:C. Moore, NS.ll.DS NBS-J4, ':'970. 

2. C. E. Moore, U. S. Nat!. Bur. Std. Circ. t<67, 1952 Md 1958. 
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